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Abstract 
This study discusses the wave climate and potential littoral transport along the western 
shore of Prince Edward County approximately two hours east of Toronto along the northern 
shoreline of Lake Ontario. The limestone headlands and barrier bars of the western coast are 
exposed toward a southwesterly fetch of approximately 200 km that can produce large offshore 
wave heights of 2 - 5 m. The wave model STWAVE was used to transform a standard set of 
wave conditions developed from recent hindcast data to examine fair weather, storm and 
extreme conditions for five directions between south and west-northwest along the shore. The 
resulting simulations indicate a complex nearshore wave environment and a pattern of 
alternating littoral transport directions resulting from shifting wave approach angles. A total of 
seven large littoral cells were defined in the study area with each cell having a smaller 
circulation pattern principally along the barrier systems. The data from this research project 
would benefit coastal managers in the region as the economy and climate experience change. 
l 
Acknowledgements 
The completion of this research would not have been possible without the help of so many people so it 
is with great pleasure that I am able to acknowledge the people who have contributed so profoundly to 
my life over the past number of years. 
First and foremost, I would like to thank my supervisor Dr. Mary-Louise Byrne. MLB you are an 
amazing supervisor. I could not have asked for a better one. You were always patient and made time for 
me in your oh-so-busy schedule. Thank you for our chats, field trips, insight, advice, challenges, 
guidance, encouragement and friendship throughout the writing process and my time at Laurier. I am 
grateful for the opportunity to have worked with you. 
I would also like to express my thanks also to the rest of my committee members - Dr. Hamilton, Dr. 
Johnston and Dr. Slocombe - for their support, advice, guidance and feedback you provided during 
the writing of this thesis and my time at WLU. 
For those at the school - Many thanks also to Alex Maclean for all those field trips a t ' 10 past stupid in 
the morning'; Pam Schaus for all our miscellaneous chats, for answering ALL my GIS questions and 
helping me acquire imagery; Jo-Anne Horton who as 'Senior Administrative Assistant GES Graduate 
Programs' is in reality so much more to the department because of all the little things - it was really 
appreciated; Grant Simpson for all issues related to technology and for his support of our t-shirts 
For those in the field - Corina Brdar at Ontario Parks for her continued support of my research; Don 
Bucholz and his staff at Sandbanks Provincial Park for providing access to a very beautiful stretch of 
Lake Ontario coastline; Scott Walcott at West Lake Willows for an amazing survey/sample trip on his 
new boat; Lee Butler at Veritech; Dr. J. Smith at USACE - CHL; Al Koudys at the Canadian 
Hydrographic Service; Kelly Cardigan at NOAA; Catherine Sinclair at Quinte Conservation; Hans 
Biberhofer at Environment Canada's Canada Centre for Inland Water; Krista Richardson at the 
Prince Edward County Public Library and Archives.... 
For those in the same situation - my time in the Department at WLU has been marked by a number of 
friends to whom I owe a great deal: you have all made this experience an amazing one. We have shared 
discussions on everything from football, food, GIS, GPS, and sediment science as well as zombies. I 
have many people to thank for their contribution to the completion of this research - Abdullah, Culum, 
Lindsay, Ryan, Jeremy, Stephen, Igor, Cherie, Caleb, Jenn, Jackie, 
I would like to thank my family for all of there support during my time at WLU - Mom, Dad, Jar and 
Kay la, 'Grammie' and Grampa Mc and Gramma C, as well as my friends Chuck and Carly - not only 
for the floor on which to crash but for so much more; Angela, Paul, Ava and Katrine; Tania and Scott 
and of course "Maddie" for her help in the field. 
And I can't forget my teachers and professors who have given me so much - Dr. D. Kemp, Dr. B. 
Lorch, Dr. B. Phillips, Dr. M. Johnston, Dr. H. Rasid, Dr. B. Sellick and of course Mrs. K. Walker and 
Mr. B. Sheils. And just when you think I have forgotten, I still know that 'if I am coasting I must be 
going downhill, and when in doubt I will blame glaciation' 
Without you all I'm sure that I would have gone crazy. ;) 
11 
For William and Douglas 
in 
Table of Contents 
Abstract i 
Acknowledgements ii 
Dedication iii 
Table of Contents iv 
List of Figures viii 
List of Tables xiii 
Chapter 1 
1.1 -Introduction 1 
1.2 -Motivation and Objectives 3 
1.3 - Thesis organization 4 
Chapter 2 
2.1 -Coastal zone 6 
2.1.1 - Coastal zone 6 
2.1.2 - Wave Characteristics 8 
2.1.3 - Exposure 10 
2.1.4 - Seasonal Variation 13 
2.1.5 - Wave Breaking 15 
2.1.6 - Wave Generated Nearshore Currents 16 
2.1.7 - Sediment Transport Processes 19 
2.1.8 - Longshore Sediment Transport Modeling , 23 
2.1.9-Littoral Cells 38 
2.1.10 - Littoral cell features 40 
2.1.11 - Geoindicators 42 
2.1.12 - Sediment Budget 44 
2.1.13 - Role of the Littoral cell in Coastal management 46 
2.2 - Coastal Models 51 
2 .2 .1- Coastal Models 51 
2.2.2 - Wave modeling - deep water 53 
2.2.3 - First Generation Modeling 54 
2.2.4 - Second Generation Modeling 55 
2.2.5 - Third Generation models 57 
2.2.6 - Wave Hindcasts 58 
2.2.7 - Wave Transformation 58 
2.3 - Great Lakes - Lake Ontario 62 
2.4-Summary 65 
iv 
Chapter 3 
3.1 -Introduction 66 
3.1.1 - Prior Research 66 
3.2 - Coastal zone: Land 70 
3.2.1 - Ecozone 70 
3.2.2 - Climate 71 
3.2.3-Geology.. 72 
3.2.4 - Geomorphology 75 
3.2.5 - Surface Hydrology 77 
3.2.6 - Coastal Geomorphology 78 
3.3 - Coastal Zone: Lake Ontario 80 
3.3.1 -Great Lakes - Lake Ontario 80 
3.3.2 - Bathymetry. 80 
3.3.3-Lake Level 82 
3.3.4 - Lake Bottom Sediments 84 
3.3.5 - Lake Circulation 87 
3.3.6-Waves 88 
3.3.7-Ice 89 
3.4-Human Landscape 91 
3.4.1-Historic 91 
3.4.2 - Prince Edward County 91 
3.5 - Potential Threats to the Prince Edward County shoreline 93 
3.6 - Summary 94 
Chapter 4 
4.1 -Field and Laboratory procedures 95 
4 .1 .1 - Coastal Classification 95 
4.1.2 - Sediment collection and analysis 96 
4.2 -Fetch and Exposure 100 
4.2.1 - Effective Fetch 100 
4.2.2 - Wave Base 102 
4.2.3 - Wave Exposure 104 
4.3 - Model Variables 106 
4.3.1 - B athymetry 106 
4.3.2-Lake Level 106 
4.3.3 - Wave Information 106 
4.3.4 - Boundary wave conditions 109 
4.4-STWAVE 115 
4.4.1 -Background 115 
4.4.2 - Model set up 124 
4.5 - Littoral Transport Estimate 129 
4.6 - Uncertainties 136 
4.7-Summary 137 
v 
Chapter 5 
5.1 - Coastal Classification 138 
5.1.1-Sediment Data 142 
5.2 -Fetch and Exposure measurements 150 
5.2.1-Wind Data... 150 
5.2.2 - Effective fetch-wave base 156 
5.2.3 - Effective fetch - exposure 160 
5.3 - STWAVE simulation results 164 
5.3.1 - Western Shoreline of Prince Edward County 164 
5.3.2 - Point Petre and Soup Harbour 171 
5.3.3 -Athol Bay 176 
5.3.4-Wellington Bay 183 
5.3.5-Nicholson Island 190 
5.3.6-Weller's Bay 198 
5.3.7 - Presqu'ile Peninsula 206 
5.4 - Littoral Cell definition 214 
5.4.1 - Prince Edward County 218 
5.4.2 - Point Petre and Soup Harbour 220 
5.4.3-Athol Bay 224 
5.4.4-Wellington Bay 227 
5.4.5 - Nicholson Island. 228 
5.4.6-Weller's Bay... 230 
5.4.7 - Presqu'ile Peninsula 232 
5.5 - Potential Littoral Transport 235 
5.5.1-Athol Bay 237 
5.5.2-Wellington Bay 241 
5.5.3-Weller's Bay 247 
5.5.4 - Presqu'ile Peninsula 252 
5.6-Summary 257 
Chapter 6 
6.1 - Simulation grid discussion 258 
6.1.1 -Point Petre 258 
6.1.2 - Soup Harbour 262 
6.1.3-Athol Bay 265 
6.1.4-Wellington Barrier 275 
6.1.5-Nicholson Island 284 
6.1.6-Weller's Bay 290 
6.1.7 - Presqu'ile Peninsula 298 
6.2 - Prince Edward County 306 
6.2.1 - Prince Edward County Littoral Cells 307 
6.2.2 - Comparison of Proposed littoral cells to prior work 313 
6.3 - Potential Littoral Transport 315 
6.3.1-Athol Bay 315 
vi 
6.3.2-Wellington Bay 316 
6.3.3 -Weller's Bay 320 
6.3.4 - Presqu'ile peninsula 321 
6.4 - Relevance of Research to the Region 322 
6.5-Summary.... 323 
Chapter 7 
7.1-Summary 324 
7.2 - Contribution to the literature 327 
7.3 - Recommendations to management 327 
7.4 - Research Limitations 330 
7.5 - Proposed Future work 332 
References 336 
vn 
List of Figures 
Figure 2 .1- Coastal zone subdivisions based on morphological and wave processes.... 7 
Figure 2.2 - Wave Characteristics 9 
Figure 2.3 - Seasonal changes in beach profile 14 
Figure 2.4 - Generalized littoral cell 38 
Figure 2.5 - Distinctive landforms of a littoral cell 40 
Figure 2.6 - Primary theories of barrier system formation 42 
Figure 2.7 - Generalized sediment budget variables 45 
Figure 2.8 - Columbia River Littoral Cell 49 
Figure 2.9 - Wave refraction along a coast 60 
Figure 3.1 - Study site location on the northern coast of Lake Ontario 67 
Figure 3.2-Canadian Climate Normals (1971-2000) 71 
Figure 3.3 - Major Geologic units of Southern Ontario and Prince Edward County 73 
Figure 3.4- Generalized bedrock stratigraphy of Prince Edward County 74 
Figure 3.5 - Generalized physiographic regions for the Prince Edward County Region 77 
Figure 3.6 - Shoreline features of the Western Coast of Prince Edward County 79 
Figure 3.7 - Bathymetry along the coast of Prince Edward County 81 
Figure 3.8 - Fluctuations of water levels in the Lake Ontario basin 83 
Figure 3.9 - Nearshore zone sediments of Lake Ontario 85 
Figure 3.10- Nearshore sediments of Prince Edward County 85 
Figure 3 .11- Littoral Cells along the western shore of Prince Edward County 86 
Figure 3.12- Annual circulation in Lake Ontario (50 m isobaths) 87 
Figure 3.13- Hourly wave height rose for Lake Ontario Buoy 45012 88 
Figure 3.14 - Hindcast Station 175: Wave Rose 89 
Figure 3.15- Eastern ice accumulation 90 
Figure 3.16- Protected areas on the Western shore of Prince Edward County 92 
Figure 4.1 - General sediment sampling locations along PEC coast 97 
Figure 4.2 - Sample output from GRADISTAT 99 
Figure 4.3 - Offshore measurement locations for effective fetch 100 
Figure 4.4 - Coastal measurement locations for effective fetch 102 
Figure 4.5 - Hindcast locations along the Coast of PEC 108 
Figure 4.6 - Example STWAVE model domain 116 
Figure 4.7 - Schematic of STWAVE model inputs and outputs 118 
Figure 4.8 - Uniform grids built for the Coast of Prince Edward County 125 
Figure 4.9 - Example of isobaths produced through GRIDGEN 126 
Figure 4.10 - Athol Bay simulation grid example: cross sections 133 
Figure 4.11 - Athol Bay simulation grid example: ideal shorelines 134 
Figure 5.1 - Shoreline classification of the Western coast of Prince Edward County.... 139 
Figure 5.2 -Limestone cliff and platform on the western shore of Huycks Point 139 
Figure 5 .3 - Limestone cliff and platform on the south shore of Athol Bay 140 
Figure 5.4 - Limestone platform & cobble berm 140 
Figure 5 .5 - Coarse grained beach northwest of Robinson Point 140 
vm 
Figure 5.6 - Coarse grained beach Huycks Bay 141 
Figure 5.7- Fine grained beach at Sandbanks Provincial Park 141 
Figure 5.8- Generally fine grained beach at North Beach Provincial Park 141 
Figure 5.9 - Fine grained beach at Presqu'ile Provincial Park 142 
Figure 5.10 - Example cumulative percentage curve for sandy beach 145 
Figure 5 .11- Example cumulative percentage curve for nearshore samples 145 
Figure 5.12- Example cumulative percentage curve for offshore samples 145 
Figure 5.13a - e: Sandy shoreline sediment samples, barrier bar locations 146 
Figure 5.14a - d: Coarse sediment samples from locations along Western Coast of 
Prince Edward County 147 
Figure 5.15 a - c: Nearshore sediment samples from locations along Western Coast of 
Prince Edward County 148 
Figure 5.16 a - d: Offshore sediment samples from locations along Western Coast of 
Prince Edward County 149 
Figure 5.17- Shore orientation of the Western Coast of Prince Edward County 151 
Figure 5.18 - Regional wind direction and speed at the three closest Environment 
Canada weather stations 153 
Figure 5.19-Average Daily wind speeds at Point Petre, Ontario 154 
Figure 5.20 - a- d: Measured vs. calculated effective fetch 156 
Figure 5.21 - Bathymetric contours illustrating wave base along the Coast of PEC.... 159 
Figure 5.22 - Comparison of Exposure ratings and shoreline classification 163 
Figure 5.23 - Western Coast of Prince Edward County wave simulation for Event 22.. 166 
Figure 5.24 - Western Coast of Prince Edward County wave simulation for Event 37.. 166 
Figure 5.25 - Western Coast of Prince Edward County wave simulation for Event 11.. 167 
Figure 5.26 - Western Coast of Prince Edward County wave simulation for Event 36.. 167 
Figure 5.27 - Western Coast of Prince Edward County wave simulation for Event 3... . 168 
Figure 5.28 - Western Coast of Prince Edward County wave simulation for Event 38... 168 
Figure 5.29- Western Coast of Prince Edward County wave simulation for Event 4 169 
Figure 5.30 - Western Coast of Prince Edward County wave simulation for Event 39... 170 
Figure 5.31 - Western Coast of Prince Edward County wave simulation for Event 25... 170 
Figure 5.32 - Western Coast of Prince Edward County wave simulation for Event 40... 171 
Figure 5.33 - Point Petre wave simulation for Event 25 172 
Figure 5.34 - Point Petre wave simulation for Event 40. 173 
Figure 5.35 - Point Petre wave simulation for Event 2 173 
Figure 5.36 - Point Petre wave simulation for Event 24 174 
Figure 5.37 - Point Petre wave simulation for Event 1 174 
Figure 5.38 - Point Petre wave simulation for Event 28 175 
Figure 5.39 - Point Petre wave simulation for Event 16 175 
Figure 5.40- Athol Bay wave simulation for Event 21 178 
Figure 5.41 - Athol Bay wave simulation for Event 36 178 
Figure 5.42 - Athol Bay wave simulation for Event 12 179 
Figure 5.43 - Athol Bay wave simulation for Event 27 179 
Figure 5.44 - Athol Bay wave simulation for Event 23 180 
Figure 5.45- Athol Bay wave simulation for Event 13 180 
Figure 5.46- Athol Bay wave simulation for Event 2 181 
Figure 5.47 -Athol Bay wave simulation for Event 39 181 
ix 
Figure 5.48 - Athol Bay wave simulation for Event 25 1 
Figure 5.49 - Athol Bay wave simulation for Event 40 182 
Figure 5.50 - Wellington Bay wave simulation for Event 21 185 
Figure 5.51 - Wellington Bay wave simulation for Event 36 185 
Figure 5.52 - Wellington Bay wave simulation for Event 22 186 
Figure 5.53 - Wellington Bay wave simulation for Event 37 186 
Figure 5.54- Wellington Bay wave simulation for Event 3 187 
Figure 5.55 - Wellington Bay wave simulation for Event 23 187 
Figure 5.56 -Wellington Bay wave simulation for Event 10 188 
Figure 5.57 - Wellington Bay wave simulation for Event 39 188 
Figure 5.58 - Wellington Bay wave simulation for Event 25 189 
Figure 5.59 - Wellington Bay wave simulation for Event 40 189 
Figure 5.60 - Nicholson Island wave simulation for Event 21 193 
Figure 5.61 - Nicholson Island wave simulation for Event 36 193 
Figure 5.62- Nicholson Island wave simulation for Event 22 194 
Figure 5.63- Nicholson Island wave simulation for Event 37 194 
Figure 5.64- Nicholson Island wave simulation for Event 3. 195 
Figure 5.65-Nicholson Island wave simulation for Event 23 195 
Figure 5.66- Nicholson Island wave simulation for Event 38 196 
Figure 5.67- Nicholson Island wave simulation for Event 4 196 
Figure 5.68- Nicholson Island wave simulation for Event 39 197 
Figure 5.69 - Nicholson Island wave simulation for Event 25 197 
Figure 5.70 - Nicholson Island wave simulation for Event 40 198 
Figure 5.71 - Weller's Bay wave simulation for Event 21 201 
Figure 5.72 - Weller's Bay wave simulation for Event 36 201 
Figure 5.73 - Weller's Bay wave simulation for Event 22 202 
Figure 5.74 - Weller's Bay wave simulation for Event 37 202 
Figure 5.75 - Weller's Bay wave simulation for Event 3 203 
Figure 5.76- Weller's Bay wave simulation for Event 38 203 
Figure 5.77 - Weller's Bay wave simulation for Event 10 204 
Figure 5.78 - Weller's Bay wave simulation for Event 39 204 
Figure 5.79 - Weller's Bay wave simulation for Event 25 205 
Figure 5.80 - Weller's Bay wave simulation for Event 40 205 
Figure 5.81 - Presqu'ile Peninsula wave simulation for Event 21 209 
Figure 5.82 - Presqu'ile Peninsula wave simulation for Event 36 209 
Figure 5.83 - Presqu'ile Peninsula wave simulation for Event 22 210 
Figure 5.84 - Presqu'ile Peninsula wave simulation for Event 37 210 
Figure 5.85 - Presqu'ile Peninsula wave simulation for Event 9 211 
Figure 5.86 - Presqu'ile Peninsula wave simulation for Event 38 211 
Figure 5.87 - Presqu'ile Peninsula wave simulation for Event 24 212 
Figure 5.88 - Presqu'ile Peninsula wave simulation for Event 39 212 
Figure 5.89-Presqu'ile Peninsula wave simulation for Event 25 213 
Figure 5.90 - Presqu'ile Peninsula wave simulation for Event 40 213 
Figure 5.91 - Stations locations within the Athol Bay study grid 215 
Figure 5.92 - Model output for Station 15 at the head of Athol Bay 215 
Figure 5.93 - STWAVE Orientation and Angle Conventions 217 
Figure 5.94 - Example STWAVE angle convention for Athol Bay. 217 
Figure 5.95 - Wave propagation direction for Event 22 219 
Figure 5.96 - Wave propagation direction for Event 22 219 
Figure 5.97 - Wave propagation direction for Event 24 220 
Figure 5.98- Wave propagation direction: Point Petre - Event 21 and 22 221 
Figure 5.99- Wave propagation direction: Point Petre - Event 23 221 
Figure 5.100 - Wave propagation direction: Point Petre - Event 25 222 
Figure 5.101 - Wave propagation direction: Soup Harbour - Event 21 222 
Figure 5.102-Wave propagation direction: Soup Harbour- Event 22 & 23 223 
Figure 5.103 - Wave propagation direction: Soup Harbour - Event 24 & 25 223 
Figure 5.104 - Wave propagation direction: Athol Bay - Event 21 225 
Figure 5.105 - Wave propagation direction: Athol Bay - Event 22 225 
Figure 5.106- Wave propagation direction: Athol Bay - Event 23 226 
Figure 5.107-Wave propagation direction: Athol Bay - Event 24 & 25 226 
Figure 5.108 - Wave propagation direction: Wellington Bay - Event 21 - 2 5 227 
Figure 5.109 - Wave propagation direction: Nicholson Island - Event 21 228 
Figure 5.110- Wave propagation direction: Nicholson Island - Event 22 & 23 229 
Figure 5.111- Wave propagation direction: Nicholson Island - Event 24 229 
Figure 5.112- Wave propagation direction: Nicholson Island - Event 25 230 
Figure 5.113- Wave propagation direction: Weller's Bay - Event 21 231 
Figure 5.114- Wave propagation direction: Weller's Bay - Event 22 231 
Figure 5.115 -Wave propagation direction: Weller's Bay - Event 23 - 25 232 
Figure 5.116 - Wave propagation direction: Presqu'ile Peninsula: Event 21 233 
Figure 5.117 - Wave propagation direction: Presqu'ile Peninsula: Events 22 & 23 233 
Figure 5.118 - Wave propagation direction: Presqu'ile Peninsula: Events 24 234 
Figure 5.119 - Wave propagation direction: Presqu'ile Peninsula: Events 25 234 
Figure 5.120 - Potential sediment transport at the 6 stations - Athol Bay 239 
Figure 5.121 - Potential sediment transport at 5 stations - Wellington Bay 243 
Figure 5.122 - Map of proposed sub-cells along the Wellington barrier system 244 
Figure 5.123 - Potential littoral transport at selected stations along the Wellington 
barrier bar 245 
Figure 5.124-Potential sediment transport at the 6 stations -Weller's Bay 249 
Figure 5.125 - Potential sediment transport at 5 stations - Presqu'ile Peninsula 254 
Figure 6.1 - Nearshore Lake bottom sediment distribution 260 
Figure 6.2 - Bedrock in the nearshore zone 261 
Figure 6.3 - Northwest shoreline of Soup Harbour 262 
Figure 6.4 - Littoral transport paths and exposed bedrock 263 
Figure 6.5 - Possible sediment accumulation area on west side of Soup Harbour 263 
Figure 6.6 - Athol Bay is oriented toward a long fetch to the southwest 265 
Figure 6.7 - Comparison of wave propagation angles Salmon Point 267 
Figure 6.8 - Outlet River flowing through the barrier bar in Athol Bay 269 
Figure 6.9 - Bathymetry of Athol Bay 270 
Figure 6.10-Westerly wave approach (Event 14) toward Athol Bay 274 
Figure 6.11 -Southerly wave approach (Event 16) toward Athol Bay 274 
Figure 6.12- Wellington Bay along the Western Coast of Prince Edward County 276 
xi 
Figure 6 .13- Accumulation of sediment on the north side of the maintained channel 
entrance to West Lake 281 
Figure 6.14- Littoral transport to the north along the Wellington barrier bar 283 
Figure 6.15- Nicholson Island region of Prince Edward County 284 
Figure 6.16 - Image facing southwest shows deflected sediment accumulation 
between Huycks and Island Points as water exits Pleasant Bay 286 
Figure 6.17 - Barrier bar on Huycks bay 287 
Figure 6.18- Coarse grained beach blocking channel between Huycks bay and Lake 
Ontario. 287 
Figure 6.19 - Weller's Bay study region illustrating the maintained channel on the 
northwest end of the north island 291 
Figure 6.20 - Section of the larger barrier bar at Weller's Bay 294 
Figure 6.21 - Weller's Bay image showing the closure of the gap in the northern 
island : 295 
Figure 6.22-Example of some significant shore protection measures 298 
Figure 6.23- Presqu'ile Peninsula area 299 
Figure 6.24 - Main beach on the western side of the Presqu'ile Peninsula 301 
Figure 6.25 - Offshore islands to the southwest of the Presqu'ile Peninsula 303 
Figure 6.26 - Aerial image showing wave angles along the southern shore of the 
Presqu'ile peninsula 305 
Figure 6.27- Eastern tip of the Presqu'ile 305 
Figure 6.28 - Proposed delineation of Littoral cell boundaries along the western shore 
of Prince Edward County 308 
Figure 6.29 - Nearshore sand bar formed at the southeast end of the Wellington barrier 317 
Figure 6.30 - Wellington barrier bar shoreline 319 
Figure 7.1 - Site of possible investigation to barrier bar existence .,,., 
List of Tables 
Table 2.1 - Selected characteristics of the three main breaker types 15 
Table 2.2 - Variables that influence or could influence longshore sediment transport 24 
Table 2.3 - Suggested values for the constant (K) 28 
Table 2.4 - Characteristics of the three identified zones of sediment transport as 
determined from large scale model results 34 
Table 2.5 - Selected geoindicators 43 
Table 2.6 - Hypothetical littoral cell sediment budget 46 
Table 2.7 - Comparison of hindcast values for mean significant wave height, mean peak 
period and mean direction for two example locations along the Coast of Prince Edward 
County 63 
Table 3.1- Selected unpublished reports and theses related to the Prince Edward County 
coast 69 
Table 4.1-GRADISTAT grain size scale 98 
Table 4.2 - Example of summary hindcast data: wave height and peak period I l l 
Table 4.3 - Example of summary hindcast data: wave direction 112 
Table 4.4 - Example of summary hindcast data: wave height & period by direction band... 113 
Table 4.5 - Standard wave conditions 114 
Table 4.6 - Hindcast wave period range as corresponding frequency 127 
Table 4.7 - Values utilized in specifying spectral bins 128 
Table 4.8 - Approximate Spectral Peakedness and Directional Spreading parameters 128 
Table 4.9 - Selected examples of submarine slope & estimated breaking wave heights 131 
Table 5.1 - Range of K values for D50 values from sediment samples from the western 
Shore of Prince Edward County 150 
Table 5.2 - Mean and Max wind speeds (m/s) 1997 - 2008 in the Prince Edward Country 
region 152 
Table 5.3 - Point Petre wind speed (1997 - 2008) sorted by major speed and direction 155 
Table 5.4 - Example results for Point Petre location 157 
Table 5.5 - Wave base values along the Coast of PEC; Minimum, Maximum and Mean 
wave base depths 158 
Table 5.6 - Comparison of calculated and 2004 hindcast values 158 
Table 5.7 - Example exposure calculation for Point Petre, ON 160 
Table 5.8 - First exposure rating classification for locations along the Prince Edward 
County coast 161 
Table 5.9 - Second exposure rating classification for locations along the Prince Edward 
County coast 161 
Table 5.10- Effective fetch and shoreline exposure for locations along the PEC Coast 162 
Table 5 .11- Exposure rating system 163 
Table 5.12-Model output for the 29 stations on the Athol Bay boundary grid 216 
Table 5.13 - Example output of the littoral transport calculation 235 
Table 5.14- Potential sediment transport at selected stations in Athol Bay 236 
Table 5.15 - Potential Sediment transport in Wellington Bay 238 
xiii 
Table 5.16 -Potential Sediment transport in Weller's Bay 240 
Table 5.17- Potential sediment transport around Presqu'ile Peninsula 242 
Table 5.18 - Comparison of daily and annual potential littoral sediment transport at 
selected stations in Wellington Bay for the five simulated wave propagation directions ... 246 
Table 5.19 -Table of potential sediment transport at selected stations in Weller's Bay for 
fair weather and storm event simulations 248 
Table 5.20 - Comparison of daily and annual potential littoral sediment transport at 
selected stations along the Weller's Bay barrier bar for the five simulated wave 
propagation directions 251 
Table 5.21 - Table of potential sediment transport at selected stations surrounding the 
Presqu'ile Peninsula for fair weather and storm event simulations 253 
Table 5.22 - Comparison of daily and annual potential littoral sediment transport at 
selected stations around the Presqu'ile peninsula for the five simulated wave propagation 
directions 255 
Table 5.22 (con't) - Comparison of daily and annual potential littoral sediment transport 
at selected stations along the south shore of the Presqu'ile peninsula for the five simulated 
wave propagation directions 256 
Table 6.1 - Comparison of similar stations on the two simulation grids for the Weller's 
Bay region; Stations # 1 - 4 from original simulation; Stations #15 - 18 from second 
simulation; shaded cell indicate higher simulated wave height; - Avg. represents the 
average wave values along that reach of shore during that event simulation and Range 
indicates the range of wave heights at those stations during each event simulation; One 
(1) is the original simulation and two (2) is the second simulation 297 
xiv 
Chapter 1 - Introduction 
1.1-Introduction 
A shoreline may appear to be an unchanging form but it is a dynamic system at the 
junction of water, air and land. Sediment is continually shifted as the coast attempts to 
establish equilibrium with the prevailing conditions and processes (Komar, 1998; Poulosi and 
Chronis, 2001). 
When wind generated surface waves and wave induced currents are the dominant 
coastal processes, the coast is considered to be wave dominated (Roy et al, 1994). As the 
driving mechanism along the shoreline, waves produce well-sorted accumulations of sand and 
gravel as well as generating nearshore circulation. The longshore currents develop under the 
energy of approaching waves and transport sediment parallel to the shore producing a range 
of elongate shore parallel sediment bodies (Davis and Hayes, 1988; Roy et al, 1994: Poulosi 
and Chronis, 2001). The coastal barrier, composed of the shoreface, beach and coastal dunes, 
represents the basic depositional unit along a wave dominated coast (Masselink and Hughes, 
2003). 
Knowledge of nearshore wave climate along these coasts is vital to understanding 
coastal dynamics and human activities and impacts along the shoreline. In the nearshore zone 
waves drive sediment transport and nearshore currents as well as inducing changes in water 
elevation along the coast. Information on waves and the coastal processes (e.g. sediment 
transport) related to them is becoming increasingly important in the coastal zone, not only for 
the design of coastal infrastructure and engineering projects but also for navigation, 
predicting bathymetric change, search and rescue, recreation and estimating the natural 
evolution of beaches and inlets (Komar, 1998; Masselink and Hughes, 2003; MCS, 2004). 
An understanding of coastal sediment transport is also an important component in the 
management of the coastal zone because sediment movement influences dunes, beaches and 
offshore bars, all of which are crucial for the protection of the coast, maintenance of local and 
regional biodiversity as well as a valuable resource for coastal tourism (MCS, 2004; Haslett, 
2008) 
Deep water waves are generally homogenous over a scale of kilometers to tens of 
kilometers (Pethick, 1984; Komar, 1998; Masselink and Hughes, 2003; Haslett, 2008). As 
the waves approach shallow water, the wave energy spectra are altered due to refraction and 
energy dissipation and are influenced by complex bathymetry, wave breaking, wind and wave 
generated currents, water level variation, outline of the coast, coastal.geomorphology, friction 
with the bottom (e.g. sediment or rock) and coastal infrastructure. The resulting changes in 
wave parameters can vary significantly along the shoreline over scales of tens to hundreds of 
metres, affecting the rate of sediment transport and the strength of nearshore currents 
(Thornton and Guza, 1983; Komar, 1998; Sheremet and Stone 2003). 
Numerous studies of longshore currents and longshore sediment transport have been 
published over the past several decades (e.g. Johnson, 1956; Bird, 1961; Caldwell, 1966; 
Allen, 1974; Hails and Carr, 1974; Dolan et al, 1977; Jarrett, 1977; Leatherman et al 1982; 
Komar and Wang, 1984; Allen, 1985; Ashley et al, 1986; Bodge, 1989; Komar, 1998; Wang 
et al, 1998; Poulos and Chronis 2001; Wang et al, 2002; Haas and Hanes, 2004) which have 
provided the basis for our understanding of a variety of coastal landforms. 
The use of numerical wave models to simulate wave transformation along a coast has 
become more widespread because of their increasing sophistication and the economic 
advantages they offer relative to the high expense of field measurements or physical model 
testing. The model selected to perform the transformation of offshore wave spectra into the 
nearshore zone of Lake Ontario along the Western shore of Prince Edward County was 
STWAVE. 
STWAVE is a 2D spectral wind wave model developed by the US Army Core of 
Engineers Coastal Hydraulics Laboratory that simulates depth-induced wave refraction and 
shoaling, depth and steepness-induced wave breaking, wind-wave growth, wave-wave 
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interaction and white capping that redistributes and dissipates energy in a growing wave field 
(Smith et al, 1999; Smith et al, 2001; Smith and Gravens, 2002) 
In this study wave simulations were performed along the Western shore of Prince 
Edward County, a peninsula on the northern shore of Lake Ontario approximately two hours 
east of Toronto. Simulations were undertaken at two grid resolutions (e.g. 25 and 100m) and 
for 40 selected wave conditions. Bathymetry from National Geophysical Data Center 
(NGDC) and Department of Fisheries (DFO) along with wave hindcast data distributed from 
US Army Corps of Engineers Coastal Hydraulics Laboratory - Wave Information Studies 
(WIS) served as the primary inputs for the wave simulations. 
The purpose of applying STWAVE along the Prince Edward County shoreline was to 
examine the change in wave parameters (height, period, direction) between the fairly constant 
offshore conditions and the nearshore where the waves are modified as they approach the 
shore. Variations in wave conditions along the shore can be identified which will provide 
valuable information for coastal management activity in the municipalities (Prince Edward 
County and Northumberland County) and Provincial Parks (Sandbanks, North Beach and 
Presqu'ile) along the coast. 
1.2 - Motivation and Objectives 
The motivation for this current research project evolved from prior research in the 
dune environment of Sandbanks Provincial Park. There appeared to be a natural research 
progression to examining sediment transport in the nearshore zone along the Wellington 
barrier bar and more generally the shoreline of Prince Edward County after earlier work 
studying the seasonal aeolian transport within the dune system. In addition to this natural 
research progression, other reasons for selecting the Western shoreline of Prince Edward 
County for this research project were: 
1) There is no existing shoreline management plan for the Quinte Region Conservation 
Authority for this shoreline and as such there has been very limited wave modeling 
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research along its coastline. Only one or two other localized studies are known to have 
been conducted on short specific stretches of coastline and neither was available to the 
author. 
2) The littoral cells identified for the coastline have no associated estimates of potential 
sediment transport past the Presqu'ile peninsula. 
3) The region is experiencing economic growth which may effect the shoreline in the 
future through modification of the shoreline (e.g. docks, sea walls, groynes, 
breakwaters) and potential disruption of nearshore processes (e.g. sediment transport) 
4) Author familiarity with the region from prior research in the area 
The purpose of this thesis is to gain a greater understanding of the nearshore wave climate 
along the shore of Prince Edward County through computer simulation of nearshore waves as 
well as field classification of the shoreline, sediment analysis and air photo interpretation. 
To that end, the objectives of this thesis are to: 
1) Use the wave model STWAVE to explore nearshore wave conditions along the 
western shoreline through the simulation of varying initial boundary conditions, 
2) Use the wave conditions produced from the model to (confirm, refute, modify) the 
existing knowledge/understanding of the littoral cells along the shoreline, and 
3) Use the wave conditions to generate potential estimates of longshore sediment 
transport for the littoral cells of the coast. 
The ultimate goal of this project is to contribute to understanding of the wave climate along 
the coastline of Prince Edward County and provide timely and relevant information for the 
management of the coastal resources and future development. 
1.3 - Thesis organization 
This thesis is divided into seven chapters. The first chapter comprises the 
introduction, the motivation behind the undertaking of this research as well as a statement of 
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the objectives of the research. Chapter two discusses the relevant literature related to the 
scope of the research while chapter three introduces the relevant background information on 
the study site including the geology, geomorphology, climate and nearshore processes. 
Chapter four describes the field, lab and computer methods used during the research. Chapter 
five presents the results obtained from the research and chapter six provides a discussion 
centred on those findings. Chapter seven in this thesis summarizes the research, its limitations 
and some possible lines of future work. 
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Chapter 2 - Literature Review 
The literature available on coastal research is extensive and a variety of background 
sources were consulted in this study including undergraduate and graduate theses, unpublished 
regional research papers and published research from the region and around the globe. This 
chapter will examine examples of the literature relevant to the coastal zone including wave 
characteristics, sediment transport processes, geoindicators and littoral cells. The review will 
then look at wave modeling including wave hindcasts before ending with examples of modeling 
and sediment transport research from the Great Lakes region. 
2.1 - Coastal zone 
2.1.1 - Coastal zone 
The coast represents the interface between the atmosphere, lithosphere, biosphere and the 
hydrosphere, but applying a specific boundary can be difficult so research and management 
typically focus on the coastal zone (Carter, 1988; Haslett, 2008). The spatial extent of the 
coastal zone has been defined in a variety of ways according to the ultimate purpose of the 
research, management issue, policy or issue so that there are some definitions based on 
biophysical factors while others are policy oriented (Kay and Adler, 2005). A general working 
definition of the coastal zone includes the area that lies between the landward limit of marine or 
lacustrine influence and the seaward limit of terrestrial influence so that there is a gradation of 
physical, biological and cultural factors from land to water (Carter, 1988). 
The importance of understanding natural processes in the Great Lakes coastal zone is 
increasing as urban growth and development on the shores of the basin follows the global trend 
of increasingly large numbers of people living and working in close proximity to the coast. At 
the turn of the 21st century approximately 40% of the world's population lived within 100 km of 
the coast with many more visiting or using the coast (Bird, 2008). This trend is clearly evident in 
the Great Lakes basin as it holds about 10% of the population of the USA in cities like Chicago 
and Detroit while 25% of Canada's population lives in the basin in cities like Toronto 
(Christopherson and Byrne, 2009). The ability to understand and forecast conditions along the 
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world's coastlines offers important benefits with regard to economic development, land use 
planning, recreational activity as well as conservation and protection along the shore (Khatri, 
1997; Sherman and Gares, 2002). 
The coastal zone is subdivided based on morphology and wave processes (Figure 2.1). 
The shore along a water body is a dynamic area of land that extends inland from the water and 
includes the foreshore and the backshore whereas the shoreline is the boundary between the 
water and land that is spatially and temporally variable in response to changing water levels and 
atmospheric conditions (Oertel, 2005; Haslett, 2007; Bird, 2008; Christopherson and Byrne, 
2009). Within the coastal zone, the nearshore zone includes the swash, surf and breaker zone is 
important when discussing waves, currents and other physical processes (Komar, 1998). A more 
inclusive term for the coastal environment is the littoral zone (not shown) and it extends from the 
backshore, across the exposed beach and into the water through the foreshore and inshore zones 
to a depth where there is less active transport of bottom sediment due to surface waves. The 
delineation of the nearshore or littoral zone is not precise since occasionally conditions develop 
under which sediment transport can occur at considerable depth but generally extends to a depth 
between 10 - 20 m but possibly as deep as 30 m (Komar, 1998; CDFW, 2002; EHA, 2007). The 
nearshore zone therefore forms a band around the edge of the Lake Ontario that covers an area 
between 1700 km2 (0 - 9 m depth) and 4400 km2 (0-27 m) (Edsall and Charlton, 1997). 
Figure 2.1 - Coastal zone subdivisions based on morphological and wave processes (Haslett, 2007) 
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The spectrum of coastal environments around the lake is affected to varying degrees by 
winds, currents and wave activity but it is wave energy that is one of the primary drivers of 
coastal change. Wave-dominated coasts represent dynamic and sensitive environments that are 
among the most well known and well researched of coastal systems (Haslett, 2008). The major 
depositional features along wave dominated coasts are barrier systems including the beach, 
shoreface and adjacent dune fields. These three coastal elements are linked by wave processes, 
sediment transport pathways and the resulting morphological change (Masselink and Hughes, 
2003). 
2.1.2 - Wave Characteristics 
Despite being a transient feature, waves are characteristic features of lakes and oceans 
and provide the energy for the construction, maintenance, erosion and rearrangement of coastal 
systems (Short, 2005). Waves are generated by external sources of energy and for water gravity 
waves that source is the wind, but other energy sources that can generate waves include tectonic 
activity (e.g. earthquakes), bluff collapse or boat traffic (Pethick, 1984; Williams et al, 2003; 
Maul, 2005). Wind-driven waves will be the focus of this study. 
Waves are described by their characteristic height, wavelength, and period and although 
conditions are constantly fluctuating, a range of conditions are formed that are characteristic of 
the prevailing atmospheric conditions (Figure 2.2) (Komar, 1998; Pethick, 1983; Masselink and 
Hughes, 2003; Maul, 2005; Short, 2005). Located in the mid-latitudes (30 - 60°) the driving 
winds for waves on the Great Lakes are primarily from the west but seasonality, latitude, basin 
shape and orientations as well as coastal outline all combine to influence the wave environment 
(Maul, 2005; Phillips, 1990). 
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Figure 2.2 - Wave Characteristics - when under the crest of the wave, the water particles move up and 
forward but when the particles are under the trough, they move down and backward thereby remaining 
stationary as the wave passes (Source: Modified from Nelson, 2007) 
Westerly winds moving over Lake Ontario create waves due to the friction or drag at the 
interface of the air and the water creating a small ripple form which increases roughness of the 
surface providing additional area for drag to occur against (Masselink and Hughes, 2003; Short, 
2005; ONR, 2007; Christopherson and Byrne, 2009). The strength or speed of the wind moving 
over the water surface, the fetch or distance that the wind blows unobstructed, as well as the 
duration of the wind, act to influence the generation of the waves (Pethick, 1984; Komar, 1998; 
Masselink and Hughes, 2003). 
In order to describe the properties of an irregular wave environment on a lake, a spectral 
analysis can identify the dominant wave frequencies or periods of the waves. Spectral analysis 
produces a wave spectrum which is a plot of wave energy against the wave frequency and it 
allows an analysis of the wave environment. The spectrum generally will show a spike in the 
wave energy along the x-axis (frequency) identifying the peak spectral period. Wave spectrums 
also allow wave energy to be divided into distinct frequency bands that can be used to help 
classify the wave environment. In an irregular wave field a wave spectrum may have more than 
one peak (Komar, 1998; Masselink and Hughes, 2003). 
9 
2.1.3 - Exposure 
Wave processes are one of the primary sources of water motion along coasts and they 
dominate the processes, nearshore and coastal geomorphology and biology of the littoral zone 
(Komar, 1998; LUCO, 1999; Ekebom et al, 2003; Masselink and Hughes, 2003; Tolvanen and 
Suominen, 2005). The determination of wave energy patterns along a coast often involves the 
use of complex wave climate models that account for variables including long term wave 
climate, wind-wave generation, bathymetry, fetch, refraction, shoaling and a variety of other 
variables (Komar, 1998; Masselink and Hughes, 2003). Wave action on the coast is generally 
quite site specific and overall is a difficult variable to measure directly given the challenging 
nature of the environment (e.g. large wave heights or strong currents) as well as the expensive 
technology needed to measure wave action over an extended period of time. Given these 
limitations, the direct measurement of wave action on coastlines is not practical or feasible for 
many researchers (Keddy, 1984; Hayes, 1996; Kiirikki, 1996; Lindegarth and Gamfeldt, 2005). 
However, there are straightforward, cost effective alternative methods that can provide an 
indirect estimate or first order estimate of wave energy or exposure along a coastline using the 
relationship between fetch and wave height (Baardseth 1970; Hakanson, 1981; Keddy, 1982, 
1984; Kautsky and Kautsky, 1989; Tolvanen and Suominen, 2005; Weinberg and Thomsen, 
2005; Burrows et al, 2008). 
Cartographic methods for determining wave exposure such as Baardseth (1970) and 
Hakanson (1981) have been used as an indirect, straightforward and relatively accurate means of 
determining a wave exposure value for a segment of coastline despite being subject to several 
types of error such as water depth, refraction and littoral vegetation (Keddy, 1982; Kiirikki, 
1996; Ruuskanen and Nappu, 2005). These exposure methods are based on the geographic 
distance that winds and waves can travel and develop over, before arriving at a particular 
coastline and they have been used for assessing the exposure under ideal conditions (Ruuskanen 
and Nappu, 2005). 
Fetch is the over water distance of free water between two points over which the wind 
blows uninterrupted to generate waves and it is a very important concept when discussing wave 
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climate. Generally the larger the fetch, the greater the wave height will be thereby leading to 
greater wave exposure at the coast (Keddy, 1982; Komar, 1998; Gilbert, 1999; LUCO, 1999; 
Masselink and Hughes, 2003). Wind duration is also important for wave generation such that if 
the winds blow for a long duration wave conditions will be determined by the fetch which means 
if there is a large fetch, waves can reach a maximum height whereas a short fetch will limit wave 
generation. However, if the wind blows for a short duration then the height of the waves will be 
determined by the wind duration only (Keddy, 1982; Masselink and Hughes, 2003). 
Although a direct fetch measurement on a lake or bay is straightforward, the fetch over 
which the wind blows and affects the water is more complicated due to changes in shoreline 
orientation and configuration. Wind will transfer energy to the lake surface in directions on 
either side of the mean wind direction but the effectiveness of that energy transfer decreases 
away from the mean direction. The measurement of the fetch at various angles around a 
particular location can approximate the relative exposure of that site for waves approaching from 
different directions (CERC, 1977; Hakanson, 1981; Hakanson and Jansson, 1983; Gilbert, 1999). 
The configuration of the shoreline or water body also influences the effectiveness of the wind on 
the water. Additionally, wave energy is altered as waves refract and diffract around islands, 
headlands and shallow zones in the lake but energy still passes into the lee of these obstructions 
(CERC, 1977; Gilbert, 1999). The concept of effective fetch was developed to try to account for 
these complications when discussing fetch (Hakanson, 1981; Hakanson and Jansson, 1983; 
Gilbert, 1999). The effective fetch may exceed the measured fetch due to the influence of waves 
traveling lengthwise down the waterway under the influence of oblique oriented winds (CERC, 
1977; Gilbert, 1999). This study will follow the straightforward methodology outlined by 
Hakanson (1981) for the use of 'effective fetch' 
Effective fetch provides a better representation of how the wind influences the generation 
and characteristics of waves because it accounts for several wind directions (Hakanson, 1981). 
The shape of a waterbody will influence the generation of waves on its surface such that a large 
fetch value may not be as meaningful if it only represents a long and narrow bay or an 
archipelago as opposed to a large open bay or lake (Keddy, 1984). Effective fetch assumes that 
the wind energy transfer to the water can be felt out to about 42 - 45° on either side of the mean 
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wind direction so it provides an estimate of the area over which waves can potentially 
accumulate energy from the wind (Hakanson, 1981; Hakanson and Jansson, 1983; Gilbert, 
1999). The effect of the wind decreases away from the central axis according to the cosine of the 
angle (Gilbert, 1999). Accounting for adjacent fetch measurements allows a correction to be 
made for the shape of the opposing coastline (Keddy, 1982; Gilbert, 1999). Effective fetch does 
not account for shallow waters in the lake that result in wave refraction and wave dissipation but 
overall it does give a more realistic and reliable determination of fetch and hence a better 
description of exposure (CERC, 1977; Hakanson and Jansson, 1983; Gilbert, 1999; Ruuskanen et 
al 1999; Eriksson and Bergstom, 2005). The determination of effective fetch is based on 
relatively standard measurement in coastal engineering practice although the method developed 
by Hakanson (1981) has been modified for use at other locations (Kiirikki, 1996; LUCO, 1999). 
In the method described by the Hakanson (1981) or the United States Army Corps of 
Engineers (USACE) (CERC, 1977) the effective fetch is calculated by constructing radials from 
a given point on the shore in a 'fan' shape at intervals of 6° out to a limiting angle of 45° on 
either side of the central axis. The central axis may be oriented to either the primary wind 
direction, the maximum fetch direction, or in a shore normal direction (CERC, 1977; Keddy, 
1984; Cattaneo, 1990; Kiirikki, 1996; LUCO, 1999; Ruuskanen et al 1999; Douglas and Rippey, 
2000; Eriksson and Bergstrom, 2005). The angle or number of radials constructed and measured 
on either side of the central axis varies from 1-7. The radials are extended until they intersect 
the opposite coastline and the length measurement of each radial in kilometres (Xi) is multiplied 
by the cosine of the angle (cos yD between the radial and the direction of the central axis. 
F e = ( £*i COS Yi) / ( £ c o s Yi) Equation 1 
Effective fetch (Fe) for each compass bearing is then calculated by summing the resulting 
values for each radial and dividing them by the cosines of all the individual angles (CERC, 1977; 
Hakanson, 1981; Hakanson and Jansson, 1983; Keddy, 1982, 1984; Cattaneo, 1990; LUCO, 
1999; Gilbert, 1999). 
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Calculated wave exposure values are treated as dimensionless measures because the 
objective is to create a value correlated with the wave height at the shore over a time period such 
that the units are not relevant (Keddy, 1984). There are however sources of error related to 
variables not included in the calculation of an exposure value. Directional values are not 
included in the exposure calculations as the wind speed and frequency both consider direction in 
their values in addition to the direction angle associated with each direct fetch measurement. The 
duration of the wind is also included directly in the determination of the exposure value but is 
accounted for indirectly in the percent frequency value (Keddy, 1982, 1984). Water depth, 
islands, nearshore vegetation, shoreline orientation, bottom slope and other topographical effects 
influence wave generation and approach to the shoreline but all of the possible parameters cannot 
be included otherwise the simplicity and straightforwardness of this method is lost. Despite the 
simplicity of the method it does represent a reliable approximation of exposure (Keddy, 1982; 
Ruuskanenetal 1999). 
The resulting exposure gradient along the shore has been found to relate well with other 
coastal variables such as substrate as well as species distribution (Keddy, 1982, 1983, 1984; 
Thomas 1985. 1986; Weisner, 1987; Kautsky and Kautsky, 1989; Cattaneo, 1990; Kiirikki, 
1996; Strand and Weisner, 1996; Ruuskanen et al, 1999; Helmuth and Denny, 2003; Eriksson 
and Bergstrom, 2005; Ruuskanen and Nappu, 2005; Lindgarth and Gamfeldt, 2005). 
2.1.4 - Seasonal Variation 
Seasonal changes in atmospheric conditions produce changes in wave conditions that 
results in morphological changes along the coast particularly on sandy coastlines (Figure 2.3) 
(Pethick, 1984; Komar, 1998; Bird 2000). The seasonal change in morphology has been referred 
to as 'summer and winter', 'normal and storm' or 'bar and berm' profiles. Throughout most of 
the year, fair-weather wave conditions dominate along a coast and produce a movement of 
sandy sediment toward and along a beach in a relatively constant manner. Offshore bars are 
gradually welded to the beach producing a wider and non-barred beach profile. As the low 
energy waves move sediment onshore they create a smooth profile and the berm may increase in 
elevation by 1 - 3 m (Pethick, 1984; Komar, 1998; Bird 2000; Masselink and Hughes, 2003). 
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The fair weather conditions experienced along a coast are interrupted by periodic short term, 
high energy storm wave conditions that can dramatically increase the amount of sediment 
transported along a shoreline over a short period of time. During a storm event, high energy 
waves cut back the beach face and berm due to increased wave swash which transports sediment 
in a cross-shore direction to create one or more bars parallel to shore as well as a narrower and 
steeper beach profile (Pethick, 1984; Komar, 1998; Bird 2000). 
Recovery from a storm profile to a fair-weather profile will be influenced by the timing 
of subsequent storms because if a coastline should experience a series of storms in quick 
succession and not have the time necessary for adequate recovery then the coast experiences net 
erosion (Komar, 1998; Bird 2000). Storm timing could also refer to the speed of storm passage 
over the coast as a rapidly moving storm may have less impact than a slow moving storm (Davis, 
1983). Another influencing factor on Lake Ontario is the presence of ice along the shore 
(Section 3.3.7) which can act to reduce erosion on the shoreline and maintain the profile while at 
the same time shift the focus of wave energy to another position in the nearshore (Evenson and 
Cohn, 1979; Barnes et al, 1994). 
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Figure 2.3 - Seasonal change in beach profile a) Top - Fair weather conditions; b) Bottom - Storm conditions 
(Image modified from: http://www.maine.gov/doc/nrimc/mgs/explore/marine/faq/shape.htm) 
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2.1.5 - Wave Breaking 
Regardless of the season or wave size, as the waves approach shore and slow down due 
to interference with the bottom, the wave period does not change but the wave becomes steeper 
until it eventually breaks. The characteristics of the breaking wave will depend on the bottom 
slope of the nearshore zone and on the offshore wave climate. Although waves break on shore in 
a continuum of forms there are three major recognized forms (Table 2.1). In addition to these 
three primary breaker forms an intermediate form between plunging and surging is identified as a 
collapsing breaker (Pethick, 1984; Komar, 1998). 
Breaker 
Form 
Spilling 
Plunging 
Surging 
Description 
• Associated with gentle beach 
gradients and steep short waves 
• Wave beginning to break well 
offshore and there is a gradual 
peaking of the wave until it 
becomes unstable and the crest 
spills forward as white water and 
moves onshore 
(£b) = less than 0.4 
• Generally occurs on steeper 
beaches with waves of 
intermediate steepness 
• Wave face becomes vertical, curls 
over and plunges forward and 
downward as a mass of water 
<£b) = 0.4 to 2.0 
• Found on steep beaches with low 
flat waves 
• Wave approach close to shore and 
peak as would a plunging breaker 
but the base of the wave surges up 
the shore and removing the base 
to the peak so that the peak 
collapses and disappears 
• (%b) = greater than 2.0 
^ ^ • " " " " " ^ ^ . ^ SHLUNGWWE 
Small crest pf eten ahite water <^—. ^ ^ * " 
breaking through gentry ^ ^ ^ ^ ^ * ^ - ^ — — - , 
^•JII I ' ^ S T ^ * - ' • " '' "* **" 
<^ge&&ff'*&f'>**'&"~ bottom gently sloping 
Raises up suddenly 
^ ^ ^ and break* with 
^^^ •*«.- tremendous forte 
^ < - » - r f ' ^ ! ^ » 'fv bcttom slope usually steep 
•shite water SUBSINGWWE "'/Zdf^ 
j/rf^^ bottom slop? usually very sleep 
Table 2.1 - Selected characteristics of the three main breaker types (Komar, 1998; Masselink and Hughes, 
2003; Image modified from CCG, 2007) 
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2.1.6 - Wave Generated Nearshore Currents 
Wave approach to the coast is generally at an angle and not parallel to the shoreline. The 
energy imparted by breaking waves and winds on a shoreline is transferred in the direction of 
wave breaking which generates currents in the nearshore that are dependent on prevailing 
conditions including the intensity of the wind and bottom sediment (Komar, 1998; Haas and 
Svenson, 2002; Masselink and Hughes, 2003; Williams et al, 2003). These nearshore currents 
are particularly important in the transport of water and sediment which in turn influences beach 
and shoreline morphology (King, 1972; Komar, 1998; Masselink and Hughes, 2003). Longshore 
currents, rip currents and bed return flow are the types of current that dominate water flow along 
the shore. Each of the currents is referred to as 'quasi-steady' which means that they all flow at a 
relatively constant velocity for a given set of wave conditions. Longshore currents generally flow 
parallel to the coast while rip currents and bed return flow are generally oriented perpendicular to 
the beach (Komar, 1998; Masselink and Hughes, 2003). In combination with wave action, the 
longshore current becomes an important mechanism in sediment transport along the coast and as 
such the literature on the topic is extensive (Komar, 1998; Kunte and Wagle, 2001; Masselink 
and Hughes, 2003; Abadie et al, 2006). 
Bed return flow and rip currents are both seaward-directed flows generally perpendicular 
to the shoreline. Bed return flow or undertow is a seaward-directed flow near the bed and 
another component in the current flow patterns in the nearshore. The current is fed by water 
brought onshore by breaking waves that creates a wave set up pressure gradient across the surf 
zone with the strongest flows occurring on barred beaches on the landward side of the bar crest 
while planar beaches have the strongest velocities near the middle of the surf zone (Masselink 
and Hughes, 2003). Rip currents are strong, narrow seaward flowing currents that begin close to 
shore and extend through the zone of breaking waves on a wide range of beaches but are 
particularly common on beaches with a bar and trough morphology (Inman, 1994; Brander and 
Short, 2000; Haller and Dalrymple, 2001; Brander, 2005). These currents represent an integral 
part of nearshore circulation cells that generally consist of longshore feeder currents in the surf 
zone that meet and turn seaward to form a narrow fast flowing rip neck that flows offshore where 
it slows down and expands to form a rip head beyond the breakers. Circulation in the cell is 
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driven by longshore variations in the pressure gradient which creates areas of elevated and 
depressed wave heights that result in an alongshore variation in wave set up elevations. An 
alongshore pressure gradient develops between the elevation that drives the current from 
locations where there are large waves and set up, to positions where there are low waves where 
the current turns offshore as the two feeder currents converge (Pethick, 1984; Inman, 1994; 
Komar, 1998; Brander and Short, 2000; Haller and Dalrymple, 2001; Haas and Svenson, 2002; 
Brander, 2005). 
Longshore or shore parallel currents are largely confined within the surf zone with a rapid 
reduction in velocity beyond. The driving force of the longshore flow is associated with waves 
breaking in the surf zone at an oblique angle to the shoreline. Planar beaches generally exhibit 
the greatest longshore current velocities at a position near the middle of the surf zone (Figure 
2.1) where the majority of waves break. However, on barred beaches, the highest flow rates are 
located between the bar and the shoreline. The strength of the longshore current has been found 
to increase with increases in the incident wave energy along a shoreline as well as increases in 
the angle of wave approach along the coast. A larger angle between the approaching wave and 
shoreline will produce a greater amount of sediment transport than a lower angle. Additionally 
winds blowing with the longshore current direction may result in a significant increase in the 
flow velocity (Pethick, 1984; Wood, 1990; Stauble and Morang, 1992; Inman, 1994; Komar, 
1998; Kunte et al, 2001; Masselink and Hughes, 2003; ERM 2009). 
The generally accepted theory with regard to the formation of the longshore currents is 
that they are a result of the longshore directed component of the radiation stress of the obliquely 
breaking waves. When waves break parallel to the shore there is an onshore directed radiation 
stress (Sxx) and a longshore directed radiation stress (Syy). When waves approach the shoreline at 
an angle the longshore components of each radiation stress combine (Sxy). The dissipation of the 
radiation stress component within the nearshore produces the longshore current (Komar, 1998). 
A relatively simple relationship between orbital velocity, wave breaker angle and linear 
wave theory results in the following equation that can be used to estimate the longshore current 
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at the mid surf position for breaker angles as large as 45° (Komar and Inman, 1970; Komar, 
1998; Masselink and Hughes, 2003). 
vx = 1.1 l-yjgHbr sin ab COS ab Equation 2 
vx= longshore current velocity 
g = acceleration due to gravity 
Hbr = root mean square breaker height 
ab = wave angle at the breaker point 
Although this equation can offer a reasonable prediction for the mid-surf zone, some 
applications require the profile of longshore current variations across the surf zone. There are 
also formulae that will provide an estimate for the complete distribution of longshore currents 
across a nearshore zone but the most commonly employed method is limited due to its reliance 
on a uniform beach slope. Irregular bathymetry can produce significant differences in cross 
shore profiles which can complicate an estimation of the current. There are still substantial 
problems to be overcome in understanding current velocity and its profile in the nearshore but 
the understanding of such situations is increasing (Komar, 1998). 
Longshore currents flowing parallel to the coast are capable of transporting large 
quantities of sediment over significant distances. Removal of sediment from an area of the coast 
may result in coastal erosion whereas an influx of sediment carried in by longshore currents can 
result in coastal accretion. Knowledge of the potential movement of sediment in the nearshore 
zone is an important variable in understanding coastal morphology throughout the littoral zone 
but specifically for the beach in the foreshore zone, the dunes of the backshore and bar stability 
in the nearshore zone as well as possible long-term changes in morphology or potential impacts 
resulting from human development through land-use change or engineered structures (Schoones, 
2000; Kunte and Wagle, 2001; Masselink and Hughes, 2003; ERM, 2009). An understanding of 
the potential movement of sediment in the nearshore is also important in understanding the 
spread of nutrients and pollution (Inman, 1994). Improving knowledge of coastal change is 
necessary for informed management of the coastal zone so that potential negative impacts from 
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human activity can be recognized and actions taken to minimize or mitigate it (Kunte and Wagle, 
2001; Masselink and Hughes, 2003). 
2.1.7 - Sediment Transport Processes 
The combined action of breaking waves and the currents generated in the nearshore zone 
acts to transport sediment along the shore as well as in a cross shore direction. Sediment 
transport along a coast is the result of the complex interaction of variables including wave 
characteristics such as wave height and period, angle of wave approach, the resulting current 
magnitude as well as the characteristics of the sediment including its size, distribution, density 
and availability. Bathymetry of the nearshore, beach slope and the shape of the coastline also act 
to influence sediment transport. However there is not a complete understanding of the physical 
processes involved or their interactions even at the most well researched locations (Inman, 1994; 
Komar, 1998; Williams et al, 2004). 
Wave breaking along the shoreline creates turbulence which stirs up and entrains 
sediment in suspension. Once sediment is entrained by wave turbulence along the shore it can be 
carried alongshore or offshore by the combined action of waves and currents. The type of 
sediment movement is largely determined by the speed of the current and the mass of the 
sediment grain, although grain shape, roundness, and cohesion are also involved (Wood, 1990; 
Komar, 1998; Kunte et al, 2001; Masselink and Hughes, 2003). The majority of sediment 
transport in the nearshore zone is typically described as one of two types, bed load or suspended 
load. Bed load describes the moving sediment grains that are either in contact all the time 
(traction) or intermittently (saltation) with the lake bottom. Particles that are too large or heavy 
slowly slide or roll along the bed so that weak currents can move sand in this manner while 
higher velocity currents can move larger grain sizes such as gravel or pebbles. Saltation carries 
sediment grains in short hops or leaps over the bed as moderate currents are able to move sand in 
this manner while higher velocities are required to transport gravel or pebbles (Tarbuck and 
Lutgens, 1992; Komar, 1998; Masselink and Hughes, 2003). Suspended load represents 
sediment that is supported by the turbulence in the water column once it is entrained by wave 
turbulence. Suspended load can be differentiated from saltation by the irregular paths taken by 
the particles due to turbulence in the water column and the sediment grains spend a greater 
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proportion of time in suspension compared to saltation. The upward component of the turbulent 
eddies generated by waves is stronger than the settling velocity of the sediment so that it is 
suspended in the water (Pethick, 1984; Komar, 1998). A strong current is necessary to transport 
sand in this manner but only a moderate current is required to move silt. A type of suspended 
load referred to as wash load represents particles that are almost permanently in suspension such 
as clays or dissolved material (Tarbuck and Lutgens, 1992; Komar, 1998; Masselink and 
Hughes, 2003). 
Sediment transport along the coast is generally classified as movement either parallel to 
shore or transport perpendicular to shore. Waves arrive at the coast in a spectrum of wave 
heights and periods with varying abilities to entrain and transport different sediment sizes and 
densities (Williams et al, 2004). Longshore sediment transport or littoral transport is the 
movement of sediment including sand, and gravel as well as shell fragments and other debris 
parallel to the shore primarily under the influence of obliquely incident breaking waves and 
currents (Allen, 1988; Kunte et al, 2001; Kumar et al, 2003). In addition to these primary 
controls other variables such as tides, rip currents, infragravity waves, cross-shore transport, sea 
breezes, storm conditions, shore protection and bathymetry may be important (Stephenson and 
Brander, 2003). Nearshore entrainment and transport in the surf zone depends on the size of the 
surf zone and the wave energy it receives so that a more energetic wave environment results in 
increased transport (Inman, 1994). 
An understanding of the physics of fluid flow allows for the prediction of the initiation of 
sediment movement under various conditions. Coastal geomorphologists often predict how much 
sediment will be moved over a given time period. This is known as a transport rate and is 
generally denoted as either qs (sediment discharge or volume transport rate) or is (immersed 
weight sediment transport rate) (Pethick, 1984; Komar, 1998). The difference between the fluid 
force needed to initiate movement (critical shear stress - xcrit) in sand grains and the actual shear 
stress at the sand bed (x0) is the amount of force that is available to move sediment. The amount 
of sediment moved during a selected period of time has been found to be a function of this 
discrepancy but an accurate definition of the relationship has been difficult (Pethick, 1984; 
Komar, 1998). 
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One of the more successful relationships found to date focuses on the sediment water 
interaction. When the water begins to flow over the bottom sediment there are two opposing 
forces acting on the sediment, the fluid force (x0) and the force of gravity on the sediment which 
is resisting the fluid force. The force opposing the shear stress is determined by the weight of the 
sediment and the frictional resistance between it and the bed. Assuming the bed is composed of 
sand, there will be a similar angle of friction (tan <fi). The two opposing forces are equal just 
before the initiation of movement but as soon as movement begins the relationship changes. The 
result is that small changes in the shape of the velocity profile in the boundary layer resulting 
from changes in the roughness of the bed or in fluid velocity can create very large changes in 
sediment transport (Pethick, 1984). 
Energy input to the coast arrives in the form of waves and the rate of transfer is 
determined by the wave phase velocity (C) and the group phase velocity (n). If wave approach is 
at an oblique angle to the shore then only a limited amount of the energy from the waves is 
deflected in a longshore direction. This largely empirical energy flux method is based on the 
most commonly used assumption with regard to longshore sediment transport rate predictions 
which is that the longshore immersed sediment weight transport rate (L.) is proportional to the 
longshore wave power per unit length of beach (Pi). Some researchers consider the (Ii) - (Pi) 
relationship as one of the most reliable features of longshore sediment transport on beaches. 
These relationships can then be combined to derive a formula that predicts the longshore 
transport rate by relating it to the wave power and the wave approach angle: 
Equation 3 
ECn sin a cos a 
h = 
tan^ 
E = Wave energy 
C = Wave phase velocity 
n = group phase velocity 
a = wave angle 
tan 0 = angle of internal friction 
If the longshore current created by the obliquely approaching waves has velocities greater 
than the threshold of movement for the given grain size then transport will be initiated, but only 
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if the wave approach angle (a) is greater than zero. A reasonable agreement exists between the 
empirical data and predicted values (Komar and Inman, 1970; Pethick, 1984). The slight 
difference in the relationship was found to be improved through the use of a calibration 
coefficient inputted into the equation: 
Equation 4 
iL = 0.17ECn sin a cos a 
E = Wave energy 
C = Wave phase velocity 
n = group phase velocity 
a = wave angle 
One of the more commonly used equations developed from the energy flux method is a 
formula developed by the United States Army Corps of Engineers (US ACE) at the Coastal 
Engineering Research Centre (CERC). The equation is based on the (Ii) - (Pi) relationship and is 
commonly known as the CERC equation: 
^ L _ „„2 H-2
 ei„ha \ Equation 5 Q = —7=pg1H*,sm(20b) 
Q = the total immersed weight LST rate 
K = empirical coefficient (Recommended value of 0.39) 
p = density of water 
g = acceleration due to gravity 
Hsb = significant wave height at breaking 
Yb = breaker index is a function of wave height, wave period and beach slope and 
is often assumed have a value of 0.78 although it has been calculated with values 
0.77- 0.92 
6b = wave angle at breaking 
The equation is one of the more commonly used equations and it states that (Ii) is 
proportional to the wave energy flux evaluated at the breaker position through an empirical 
dimensionless constant (Larangeiro and Oliveira, 2003; Haas and Hanes, 2004). The littoral drift 
along a section of coast is likely to reverse for periods of time over the course of a year so that 
the total littoral drift or the amount of sediment transport in both directions along a particular 
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stretch of coast is likely to be higher than the net rate in a particular direction (Masselink and 
Hughes, 2003). 
2.1.8 - Longshore Sediment Transport Modeling 
There are a number of methods that can be used to determine long-term net longshore 
sediment transport rates. Results from nearby or adjacent sites can be used to infer a longshore 
sediment transport rate for a new site under study. Short term research can collect data on the 
necessary parameters and processes in order to calibrate a sediment transport formula for that 
particular site. Conversely, long-term measurements can be taken over a period of 5 - 8 years in 
order to determine a long term rate of sediment transport. Another option for determining a long-
term longshore sediment transport rate is to model the sediment transport rate using a formula 
and long term wave data (Komar, 1998; Schoones, 2000). There are a variety of equations that 
can be used for the determination of a longshore sediment transport rate but there is no general 
consensus as to what is the most appropriate choice. The modeling of longshore sediment 
transport is one of the most challenging research problems in the coastal zone and as such it 
receives a great deal of attention (Allen, 1988; Haas and Hanes, 2004). 
The number of parameters that impact or can impact longshore sediment transport makes 
the system very complex (Table 2.2). Normally a select number of parameters are used to 
determine an estimate of longshore sediment transport and a number of empirical and semi-
empirical formulae developed for that purpose (Komar, 1998; Bittencourt et al, 2005). Some of 
the models are very detailed and include a large number of variables while others contain 
comparatively few (Nielsen, 1992). The rate of longshore sediment transport can be estimated 
through the use of equations by Komar and Inman (1970), Walton (1980), Bailard (1981, 1984), 
Kraus et al (1982, 1988), van Rijn (1989), Kamphuis et al, (1986) Kamphuis, (1991) and Del 
Valle et al (1993). The formulae developed to estimate longshore sediment transport generally 
provide an estimate of the total longshore sediment transport and do not differentiate between 
suspended and bed load (Larangeiro and Oliveira, 2003). However, some models such as Bailard 
(1981, 1984) divide the total longshore sediment transport into suspended and bed load fractions 
(King, 2005). King (2005) also separated bed load fraction into smaller distinct transport 
regimes that could dominate sediment transport in the nearshore zone under specific conditions. 
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The equations are a useful exercise in coastal studies because they can provide a useful first 
approximation of littoral transport for management or engineering research. 
• wave height 
• wave angle 
• storms 
• morphologic feedback - bar shape changes 
• shoreface morphology 
• underlying geology 
• offshore bar configuration (nearshore 
bathymetry) < 
• wave current interactions < 
• wave period 
• wave set up < 
• directional wave spreading < 
• wave energy friction loss < 
• cross shore transport by waves < 
• coastal type and configuration (straight, curved) < 
• sediment characteristics (grain size, mineral 
composition, moisture content, stratification - < 
vertical sorting, clast shape) < 
• sediment supply < 
• engineering structures (revetments, « 
breakwaters, groynes, beach nourishment) « 
• beach rock < 
• nearshore winds (velocity, direction) < 
• external factors (wind) i 
• bed liquefaction i 
• bed forms (ripples, bars) < 
• bed roughness 
» beach state 
» bottom currents 
» storm surge 
» tidal range (pattern, stage) 
» tidal currents (velocity, direction) 
» coastal currents (velocity, direction) 
• sea water infiltration 
• wave conditions (regular, irregular, 
Rayleigh) 
» wave theory (Linear, Stokes, etc) 
• wave reflection 
» wave reformation (after breaking) 
» wave temperature (density) 
» sediment sorting (lags, armouring, 
lateral sorting) 
» hydraulic conductivity 
» groundwater (pore pressure) 
» organic mats 
» aeolian loss or gain 
» overwash loss 
> gravity currents 
> infragravity waves 
> storm surge ebb currents 
> turbidity currents 
• bioturbation 
> rip currents 
Table 2.2 - Variables that influence or could influence longshore sediment transport (modified from Pilkey 
and Cooper, 2002; Cooper and Pilkey, 2004) 
The predictive formulae of longshore sediment transport rate estimates are calibrated 
from measurements made using physical models in laboratories or from field data. The methods 
currently used for calculating longshore sediment transport equations have been based primarily 
on field research. The measurement of total longshore transport rates is made using a variety of 
direct and indirect techniques including sediment tracer, short and long term impoundments, 
streamer and other sediment traps in addition to a variety of instruments based on optical, 
electromagnetic and acoustic measurements (Allen, 1988; Komar, 1998; Wang et al, 1998; 
White, 1998; Miller, 1999; Wang et al, 2002; Kumar et al, 2003; Larangeiro and Oliveira, 2003; 
Haas and Hanes, 2004). White (1998) examined the status of measurement techniques for 
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coastal sediment transport and discussed the techniques as well as issues associated with them. 
The comparison of measured data to the predictive formulas shows results that are both higher 
and lower than the measured rate which suggests that there are probably other variables that need 
to either be identified and included or simply included in order to develop a more accurate 
prediction method. It was also noted that despite the advances in technology, it is still not 
possible to make accurate measurements of suspension of mixed sediment sizes, suspension near 
the bed and bed load transport (White, 1998). 
The design and use of the various transport formulae are hampered by several limitations 
which need to be overcome for more accurate predictions. Given the high energy and complex 
processes in the nearshore environment, many models are site specific because of the difficulty 
in deriving a formula that can be applied to a wide range of environmental conditions. In 
addition, acquisition of information on the physical processes along the shore has focused on 
certain parameters while others have received less attention influencing which variables are 
included in the transport equations (Larangeiro and Oliveira, 2003). The spatial and temporal 
distribution of sediment transport on a beach is poorly measured and there are a number of 
problems and errors associated with it that will influence transport estimates (Neilsen, 1992; 
Larangeiro and Oliveira, 2003; Haas and Hanes, 2004). The longshore transport rate equations 
are also still based on a limited number of measurements with a large scatter due to the 
complexity of the environment as well as difficulties experienced in measurement (Larangeiro 
and Oliveira, 2003). The result of these difficulties is that it becomes problematic to evaluate the 
accuracy of the predictive models and the definition of a successful model is rather broad, 
generally accurate within an order of magnitude (Allen, 1988; Haas and Hanes, 2004). 
The calibration data for the formulae is generally gathered from dynamic field conditions, 
which means that the data are non-controllable, non-repeatable and site specific. The uncertainty 
surrounding the field data is also due to the limited number of variables that can be measured and 
those measurements are at a very coarse spatial and temporal resolution. Smith et al (2004) 
noted that given the problems with field data there is a need to use measurements from the 
laboratory to improve the sediment transport relationships. However, there are also problems 
associated with laboratory experiments that, although they are controllable and repeatable, pose 
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difficulties in scaling up to the real world, limiting the application to the calibration of results 
(Allen, 1988; Wang et al, 1998; Smith et al, 2004). 
Since the initial developments of sediment transport prediction there has been a 
proliferation of formulae that can be used to estimate the rate of longshore sediment transport or 
littoral drift. These predictive longshore sediment transport equations can be categorized 
according to the basis of their methods and analysis. The first category of equation is those 
based on the empirical energy flux method (e.g. CERC equation) as discussed in the preceding 
section (Section 2.1.7). 
The second category of longshore sediment transport formulae is the stream power 
method which is founded on the basis of the physical interpretation of the mechanism that results 
in sediment transport. The shear stress placed on the bottom of the nearshore zone due to wave 
oscillatory movement places sediment particles into suspension which is then transported in the 
direction of flow by any superimposed current. The equations in this class can be found in 
research done by Bagnold (1963), Komar and Inman (1970), Walton (1980) and Kraus et al 
(1982, 1988). The stream power method provides a more physically realistic estimate because of 
the considerations given to the mechanics of sand transport. Generally these equations use a 
dimensionless coefficient to relate (Ii) with wave and current parameters (Larangeiro and 
Oliveira, 2003) 
The final category of longshore transport equations is referred to as the dimensional 
Analysis method. These equations group the physical parameters that govern the transport 
equations into dimensionless combinations. The formulae developed through this method of 
analysis are chiefly the result of laboratory experiments and relate the measured environmental 
factors to a volumetric transport rate. The equations developed by Kamphuis et al (1986) and 
Kamphuis (1991) were created through dimensional analysis of both laboratory and field data. 
The equations accounted for variables not included in other longshore sediment transport 
formulae such as slope and grain size (Larangeiro and Oliveira, 2003). 
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The number of parameters possibly involved in longshore sediment transport (Table 2.2) 
and the complexity of the system has brought forward several limitations of both models and 
field measurements. Pilkey and Cooper (2002) and Cooper and Pilkey (2004) examined the 
literature related to longshore transport volumes and raised a number of issues surrounding the 
use of models. The authors presented important questions focused on the basis of coastal 
modeling, the types of coastal models, field measurement of various parameters as well as the 
influence of politics on determining the volume of longshore sediment transport. However, 
despite the uncertainty surrounding the models, they do provide a valuable contribution to the 
study of coastal environments if the problems are acknowledged and accounted for during the 
decision making process. 
Although there is no general consensus as to what equation should be employed to 
estimate potential longshore sediment transport, one of the more widely applied equations 
around the world is the CERC equation of the US ACE. The CERC equation only utilizes wave 
height, wave period and direction in the determination of a longshore sediment transport rate 
(Miller, 1999; Haas and Hanes, 2004). The equation does not include parameters such as breaker 
type and grain size, variables that would seem to logically influence the longshore sediment 
transport rate. The equation is straightforward and seeks to use a minimum number of parameters 
in order to meet the objectives of modeling longshore sediment transport but has been shown to 
both over-predict or under-predict a longshore sediment transport rate (Wang et al, 2002; 
Masselink and Hughes, 2003; Smith et al, 2004, Haas and Hanes, 2004). 
An important component of the equation is the value assigned to the constant (K). The 
value of the constant (K) is the subject of considerable debate by coastal researchers and a range 
of values have been suggested but the suggested value by the USACE is 0.39 (CEM, 2002; 
Larangeiro and Oliveira, 2003; Haas and Hanes, 2004). The original value suggested by Komar 
and Inman (1970) was 0.77 but that value has since been reevaluated and reexamined by a 
number of authors who offer a variety of suggested values for K because of the possible 
influence of variables such as grain size and breaker type (Table 2.3). 
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Authors 
Komar and Inman (1970) 
Bodge and Kraus, 1991 
Del Valle, Medina and Losada (1993) 
Schoones and Theron (1993, 1994) 
Komar (1998) 
Wang and Kraus (1999) 
Larangeiro and Oliveira (2003) (recommend) 
Coastal Engineering Manual (Shore Protection Manual, 
Kumar et al, 2001 
Suggested Value of K 
0.77 
0.32 
0.03-0.57 
0.2 
0.70 
0.044-0.541 
0.13 
0.39 
Table 2.3 - Suggested values for the constant (K) (Komar and Inman, 1970; Del Valle et al, 1993 Komar, 
1998; Wang et al, 2002; Larangeiro and Oliveira (2003); Haas and Hanes, 2004) 
When the constant is calibrated against measurements from the study site, the accuracy of 
the equation is generally believed to be 30 - 50% but if the constant (K) cannot be calibrated due 
to a lack of adequate field data the accuracy of the equation provides an estimate only within an 
order of magnitude (Miller, 1999; Kunte et al, 2001; Wang et al 2002; Larangeiro and Oliveira, 
2003; Smith etal, 2004). 
One of the factors that is suggested to influence the value of the constant (K) is grain size 
(Larangeiro and Oliveira, 2003). The CERC formula contains no other dependence on grain size 
but Kamphuis (1990) demonstrated weak grain size dependence and del Valle et al (1993) found 
a relationship that showed the constant (K) decreasing with increasing grain size (Nielsen, 1992; 
Perlin and Kit, 1999). Komar (1998) reviewed the existing data and found no relationship 
between the constant (K) and grain size or bed slope. It was noted however that the quality and 
quantity of the available data are probably insufficient and that grain size and beach slope may in 
fact produce counteracting effects (Komar, 1998). Haas and Hanes (2004) stated that the models 
have mechanisms that cause increases or decreases in the transport rate that counteract each other 
and suggested that this may be one of the reasons that the CERC formula has worked well 
without sediment size dependence (Haas and Hanes, 2004). Nielsen (1992) referred to the fact 
that the equation seems to work well without considering the grain size as the 'CERC formula 
paradox'. Other variables that have been suggested as possible influences on the constant (K) 
include the angle of incidence as well as orbital and mean current velocities and Allen (1988) 
pointed out that although some efforts have been to date, work on incorporating other variables 
into transport equations should continue (del Valle et al, 1993; Komar, 1998; Wang et al 2002; 
Haas and Hanes, 2004). 
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Wang et al (2002) and Smith et al (2004) noted that although the recommended values 
for the constant (K) represent a valid reference point, the equation produces the best results if the 
coefficient is calibrated with local knowledge from the particular sediment budget of the site 
under study. To calculate the constant (K) the equation from Bailard (1981, 1984) is commonly 
used. It calculates the constant (K) as a function of breaker angle and the ratio of velocity 
magnitude to sediment fall speed. 
K = 0.05 + 2.6 sin2 (20b) + 0 . 0 0 7 ^ - Equation 6 
wf 
Wf= the fall speed of the sediment 
6b = wave angle at breaking 
umb = the maximum oscillatory velocity magnitude at breaking obtained from shallow 
water wave theory as: 
TT Yb [~T~ Equation 7 
U
n,b =—^ghb 
g = acceleration due to gravity 
Yb = breaker index 
hb = breaking wave height 
If the constant (K) is calculated for local conditions then the CERC formula can produce 
a reasonable estimate of longshore sediment transport and it is applied to similar breaker types. 
Laboratory research was used to calibrate the constant (K) which was then applied to the formula 
in order to evaluate the constant for two types of breakers. The low energy spilling breaker test 
produced only a 5% difference from the measured transport values while the plunging 
experiment showed only an 8% difference with the measured rates. Although this is useful 
information, historical or current data with which to calibrate the constant (K) at a particular 
location are generally not available. Suggested solutions to this problem include using shoreline 
change data to estimate a longshore sediment transport rate for the calibration of the constant (K) 
or applying historical transport data from another location that has similar characteristics in 
terms of wave conditions, grain size and bathymetry to the location under study (Smith et al, 
2004). 
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Experience from a number of studies combined with the analysis and reanalysis of the 
data used to derive the CERC equation suggest that the formula using a constant (K) value of 
0.39 may over-predict the longshore sediment transport rate when considering the entire wave 
climate for a particular location (Wang et al 2002). In a comparison of measured laboratory and 
predicted results, the CERC equation was found to over-predict spilling waves by a factor of 7 or 
8 while it over predicted plunging waves by only a factor of three (Smith et al, 2004). Wang et al 
(2002) also found that the equation over-predicted for both types of breaking waves, 600% for 
spilling and 250% respectively for plunging in the laboratory. These results were taken to show 
that the formula is not sensitive to breaker type which was found to be an important factor in 
determining total longshore transport rates. The discrepancy in the estimates as a result of the 
different breaker types means that simply changing the constant (K) value cannot completely 
address the problem (Smith et al, 2004; Wang et al 2002). The over-prediction of longshore 
transport values by the CERC equation was also found in experiments along the coast of India 
(Kumar et al, 2003). 
Another experiment designed to test of the CERC equation against field experiments 
during storm events found that the CERC equation over and under estimated the longshore 
sediment transport rates. The predicted values compared well with four out of five storms where 
the single storm estimate produced by the model was an order of magnitude higher than the 
measured value. The CERC formula assumes all wave energy is associated with a single 
direction or a single peak in the wave spectrum and that there is only one oblique wave train that 
is responsible for the longshore current. The over-estimate by the model during this storm was 
produced because the local winds and seas were contrary to the approaching swell direction 
(Miller, 1999). 
Although the CERC equation is one of the mostly commonly used equations it is by no 
means the only method. Another equation which is commonly described particularly with regard 
to comparison experiments between equations is the model by Kamphuis et al, (1986) Kamphuis, 
(1991). Kamphuis et al (1986) presented another longshore sediment transport equation that 
estimates longshore sediment transport rates based primarily on physical model experiments. The 
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model is a dimensional analysis based on similar laboratory and field data that the other transport 
equations used in their development. The new analysis resulted in the derivation of an empirical 
relation for longshore sediment transport that accounted for beach slope as well as sediment 
grain size and was found to be applicable to both field and model data (Wang et al, 2002; 
Larangeiro and Oliveira, 2003). 
g = 1.28 ^ - ^ S i n ( 2 ^ ) Equation 8 
d 
d = sediment grain size 
m = beach slope 
HSb = significant wave height at breaking 
9b = wave angle at breaking 
The equation was refined through additional laboratory testing and a reexamination of the 
existing data on longshore sediment transport allowed the earlier equation to be modified. The 
modification of the equation also included the addition of the peak wave period (Tp) (Wang et al, 
1998; Wang et al, 2002; Larangeiro and Oliveira, 2003). 
Equation 9 
a = 2 . 2 7 ^ r ; 5 < 7 5 < - 2 5 s i n ° - 6 ( 2 ^ ) 
Qu = transport rate of underwater mass in kg/s 
Tp = is the peak wave period 
Mb = beach slope from the breaker line to the shoreline - the slope that causes 
breaking - the slope over one or two wavelengths offshore of the breaker line 
D5o = median grain size 
8b = wave angle at breaking 
HSb = significant wave height at breaking 
The formula presented in Kamphuis (1991) is less sensitive regarding grain size and 
beach slope so that errors in the prediction of the longshore sediment transport rate due to 
uncertainties surrounding the evaluation of those parameters are expected to be minimal. The 
equation is dependent on wave period but it also utilizes a lower dependence value on wave 
height and direction. The use of the Kamphuis (1991) equation is interesting because it includes 
the wave period which influences wave breaking as well as grain size diameter which has an 
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affect on the initiation of sediment motion (Wang et al, 1998; Wang et al, 2002; Larangeiro and 
Oliveira, 2003). 
In laboratory model experiments the Kamphuis (1991) equation was found to provide 
more consistent estimates to the measured data. The application of the model resulted in a 10% 
overestimate for spilling breakers and a 22% overestimate for plunging breakers. The better 
performance of the model was attributed to the incorporation of wave period which influences 
the type of breaker. The results from the experiments also showed that the equation tended to 
under-predict the longshore sediment transport rate as the rates increased. It was suggested that 
the low prediction values of the model were due to the fact that the equation assigns transport as 
a function of significant wave height squared (H2) whereas transport rate using the CERC 
formula is a function of H52. During higher energy wave conditions the Kamphuis (1991) 
equation will give significantly lower values than the CERC equation and more research is 
needed to ascertain if it is accurate during high energy conditions (Smith et al, 2004). Larangeiro 
and Oliveira (2003) applied the Kamphuis (1991) equation along with three other equations to a 
field experiment in Portugal and it was found to provide the best agreement with the reference 
transport value. Schoones (2000) noted that the equation had been applied on beaches in South 
Africa where it was found to produce a successful result. 
In other research the Kamphuis (1991) formula was again found to consistently predict 
lower total longshore transport rates than those predicted by the CERC equation. Generally the 
predictions of transport were 1.5 - 2.5 times lower for low energy wave conditions with breaking 
waves typically less than lm. At these low energy conditions, the predictions by the formula 
tended to provide a closer match to the measured values than the CERC equation. The lower 
sediment transport predictions also occurred during high energy storm events with breaker 
heights of approximately 4m. During the high energy events, the CERC formula predictions 
provided a closer estimate to measured rates than the Kamphuis (1991) formula. The under-
prediction of the measured rates was consistent for both spilling breakers where it was 30% 
below the measured value and for the plunging breakers where the value was 24% below. The 
accuracy of the equation during high energy conditions needs to be further tested in order to 
determine the best application of the equation (Wang et al, 1998, 2002). 
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The two formulae discussed above, CERC and Kamphuis (1991) utilize slightly different 
variables in the estimation of longshore sediment transport but can be utilized together to form a 
prediction of longshore sediment transport. Based on available research Wang et al (2002) 
suggested that both equations, the CERC equation and Kamphuis (1991) be used when 
attempting to develop a long term longshore sediment transport estimate for a site using a long 
term record of measured or hindcast wave information. According to the authors the literature 
appears to indicate that research should consider using the Kamphuis (1991) formula to develop 
a lower estimate for low energy (less than lm waves) sediment transport conditions while the 
CERC formula should be used to derive an upper estimate for high energy storm events. It is 
also recommended that if local knowledge is not able to calibrate a value for the constant (K) 
then a value of 0.2 might provide a more realistic estimate for expected longshore sediment 
transport rates using the CERC formula rather than a value of 0.39 (Wang et al, 2002). 
The two formulas, CERC and Kamphuis (1991), determine a total longshore sediment 
transport rate prediction and for many applications within the coastal zone, this type of estimate 
will satisfy the objectives of a project. However, other initiatives along the coast may need more 
information on the distribution of that sediment transport within the nearshore zone. Most 
longshore sediment transport models assume that the cross shore distribution of sediment 
transport is uniform which simplifies the models. However, laboratory and field research suggest 
that the distribution of longshore sediment transport is in fact not uniform throughout the surf 
zone and that there are areas where sediment transport is greater than in others (Wang et al, 
2002). Bodge (1989) reviewed a number of equations that have been suggested for determining 
the distribution of cross shore sediment transport as well as reviewing research results. 
Early research suggested the greatest amount of transport was associated with the swash 
zone and the breaker line after which transport decreased seaward. Although this pattern was 
found at a variety of locations other distributions were also observed. Bodge (1989) referred to 
research that suggested there was no reason to expect a standard distribution of sediment 
transport due to longshore current variability and the variability of the mode of sediment 
transport. However, the general pattern of transport tends to be bi-modal with a peak near the 
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shoreline and another near the mid-outer surf zone (Bodge, 1989). Research carried out at a large 
indoor wave facility suggests a similar pattern for sediment transport and identified three distinct 
zones of sediment transport in the nearshore zone (Table 2.4) (Smith et al, 2004). 
Zone 
Incipient breaking zone 
Inner surf zone 
Swash zone 
Characteristics 
A substantial peak in sediment transport is creating for 
plunging waves but not for spilling waves which 
suggests a relationship to breaker type. The turbulence 
associated with spilling breakers remains close to the 
surface as a bore while the turbulent jet associated 
with plunging waves penetrates deeper into the water 
column where it impacts the bed and results in the 
suspension and transport of sand 
The spilling and plunging waves were of similar 
heights and sediment flux within inner surf zone. The 
sediment flux and wave height for lower energy tests 
were lower than high energy cases. Within this zone 
the wave height is strongly controlled by depth and is 
independent of period which implies that sediment 
flux in this zone is dominated by wave height 
The region in the experiments was approximately 2m 
wide and was identified as the region where an 
increase in foreshore slope was observed. Peak 
transport for all experiment cases and transport 
showed a dependence on wave period, height and 
beach slope but was greater for the longer period 
experiments. 
Table 2.4 - Characteristics of the three identified zones of sediment transport as determined from large scale 
model results (Smith et al, 2004) 
The results from the swash zone are particularly important because most models either 
ignore or account for transport within this zone as part of the total sediment transport. However 
transport rates within the swash zone can be significant, laboratory and field data suggest that 
swash zone transport may account for 50% of the total longshore sediment transport rate. The 
results from Smith et al (2004) found that swash zone transport during high energy tests 
accounted for approximately a third of the total transport while it comprised about 40-60% 
during the lower energy experiments. These results indicate that swash zone transport 
contributes more to the total longshore sediment transport rate during calm or low wave energy 
conditions while the contribution from this zone to the total amount of sediment transported 
decreases as the wave height increases notably during storms. Swash zone transport is therefore 
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very important in the sediment budget in lower energy environments along the coast. Although 
measurements are difficult to obtain in the field, it is necessary to determine a method for 
reliable data collection because the inclusion of swash zone transport will increase the accuracy 
of the total longshore transport estimates (Smith et al, 2004). 
Field measurements of the cross shore distribution of longshore sediment transport during 
storms have also shown a variation in the transport distribution. Work by Miller (1999) showed 
two peaks of sediment transport, one between the mid-surf position and the beach and the other 
on the seaward side of the bar that was associated with wave shoaling and breaking. The author 
compared the work to earlier research done by Kraus and Dean (1987) who also found that the 
cross shore distribution of sediment transport was often characterized by a sediment transport 
peak in the outer surf zone and another in the swash zone. 
The effect of breaker type on the longshore sediment transport rate is not well known. 
Although a range of breaker shapes exist in reality there are three main types of breakers 
commonly identified (Table 2.1). Laboratory and field research to date indicate that for waves of 
identical energy levels there is a greater longshore sediment transport rate for waves with lower 
steepness. Breaker type is a function of wave steepness and lower wave steepness indicates 
plunging breakers. So that in addition to wave height being a determining factor in longshore 
sediment transport rates, breaker type is also involved (Wang et al, 2002, Smith et al, 2004). 
One of the more common indicators of breaker type is the Iribarren Number or surf similarity 
parameter (£b) (Bodge, 1989; Wang et al, 2002; Masselink and Hughes, 2003). 
_ m 
' 6 — I TT TT~ Equation 10 
m = gradient of the beach slope 
L0 = deep water wavelength 
Hbrms = root mean square breaker height 
Some research has been conducted to determine if a relationship between the longshore 
sediment transport rate and the surf similarity parameter exists. An attempt was also made to 
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integrate the surf similarity parameter into the empirical coefficient (K) in the CERC formula but 
although the results were unsuccessful, the research assisted in the development of the longshore 
sediment transport equations from Kamphuis et al, (1986) (Bodge, 1989; Wang et al, 2002). 
Spilling and plunging wave types were the focus of research that found different cross 
shore distributions of longshore sediment transport were associated with the different breaker 
types (Wang et al, 2002; Smith et al, 2004). Both breaker types showed a significant amount of 
measured sediment transport in the swash zone, 27% for the spilling test and 34% for the 
plunging example. The higher value of the longer period plunging case was attributed to a larger 
uprush on the beach than during the spilling case and that uprush was probably responsible for 
the greater sediment flux above the still water line. The plunging wave case also exhibited a 
substantial peak in sediment transport near the breaker line resulting from active suspension of 
sediment throughout the entire water column due to increased turbulence. Sediment 
concentrations during the plunging wave test were an order of magnitude greater for this test and 
resulted in almost 35% of the total longshore sediment transport occurring in a 3m wide zone 
between 10-13m offshore (Smith et al, 2004). If the breaker zone transport is combined with the 
swash zone transport for plunging waves then approximately 70% of the total longshore 
sediment transport occurs in about 40% of the surf zone. There was no similar peak in sediment 
transport near the breaker line during the spilling test but only a gradual increase in sediment flux 
approaching the shore. The inner surf zone in the experiments was similar for both types of 
breakers with regard to longshore currents and transport rates. The spilling breakers in the 
experiments didn't seem to offer any support for the three zones differentiated according to 
sediment transport by Smith et al (2004), but the plunging breaker tests do support the division 
of the surf zone. Greater sediment transport values during the plunging breaker experiments 
were attributed to more active sediment suspension and transport near the breaker zone as well as 
a wider swash zone with a more energetic up and down rush that was associated with longer 
period waves that characterized the plunging case study. The resulting difference in transport 
rates between the plunging and spilling breaker types was that almost 170% more longshore 
transport was measured during plunging than spilling tests, although the plunging breaker height 
was only 13% higher (Wang et al, 2002). 
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In addition to using mathematical equations to estimate sediment transport along the 
coast, there are additional methods that can be used to study the movement of sediment along the 
shore. These methods include total traps, suspension traps, tracers, optics, acoustics, impact, 
conductivity, and radiation (Noda, 1971; Komar, 1998; White, 1998). Each method has 
advantages and disadvantages in its application relative to different coastal locations as well as 
various limitations to their use. Sediment accumulation may be measured up-drift of an obstacle 
constructed across the surf zone such as a jetty so that the rate of accumulation would provide an 
indication of the amount of sediment transport over time (Noda, 1971; Komar, 1998). Short term 
measurement of sediment transport often utilizes tracers that may be natural such as heavy 
minerals (Prakash et al, 2007), or natural radioactive minerals (Drapeau et al, 1991), or the tracer 
may be an artificial tracer such as fluorescently tagged sand or radioactive material (Noda, 1971; 
Komar, 1998). Typically natural beach sediment is coated or tagged with a fluorescent dye that 
does not alter the hydrodynamic properties of the sediment when it is injected back onto the 
beach. The sand (Ciavola et al, 1998; Balouin et al, 2005; Klein et al, 2007; Silva et al, 2007) or 
larger sediment (Lee et al, 2007) is then measured down-drift at certain distances or times in 
order to estimate sediment transport along the shore. In another method to determine sediment 
concentration water from the surf zone is pumped out and its sediment concentration measured to 
provide information on distribution across the surf zone (Komar, 1998). Sediment across the 
surf zone and at varying depths is often captured and measured in a variety of vertical traps. 
Sediment captured by positioning the traps facing into the longshore current is often compared 
with results from empirical formulae (Kraus, 1987; Wang et al, 1998). Generally there is a 
decrease in the amount of sediment carried in suspension from the bottom to the top of the water 
column as well as a variation in the amount captured with the type of breaking waves (Komar, 
1998). Instruments designed to measure the optical and acoustic properties of nearshore waters 
have also been used to measure suspended sediment concentrations (Lynch et al, 1994; 
Sutherland et al, 2000; Tonk and Masselink, 2005). 
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2.1.9 - Littoral Cells 
Sediment transport along a coast generally occurs in more or less discrete sedimentation 
compartments or cells that are individual closed systems that ideally have a complete cycle of 
sedimentation including sources of sediment, transport paths and an accumulation or sink zone 
(Figure 2.4) (Bowen and Inman, 1966; Davies, 1974; Caldwell, 1966; Inman, 1994; Inman and 
Meadows, 1994; Komar, 1998; Cooper et al, 2001; Woodroffe, 2002; Williams et al, 2004; 
Cooper and Pontee, 2006). 
Headland 
§ediment from Dunes 
—if 
Dredging 
Cross Shore 
Exchange with 
Shelf 
Sources 
Losses or sinks r--^-.^ 
i • 
Figure 2.4 - Generalized littoral cell (Modified from source - http://www.csc.noaa.gov/text/Image9.gif) 
Inputs or sources of sediment to the littoral system may include fluvial sources, sea 
cliff/bluff/erosion, dune erosion, onshore movement of sand bars, sub-aerial erosion, beach 
replenishment, beach erosion, dredged material placement, as well as the longshore transport of 
material into the cell (Inman, 1994; Komar, 1998; CHP, 2000; Cooper et al, 2001; Woodroffe, 
2002; Rosati, 2005). Once the sediment is in the littoral system it is transported under wave 
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action along the coast as longshore or littoral transport or it can be moved in an offshore or 
onshore pattern. An artificial movement of sediment may also take place as sediment is bypassed 
around an accumulation zone by human activity (e.g. - bypassing pumping) (Inman, 1994; 
Komar, 1998; CHP, 2000; Cooper et al, 2001; Woodroffe, 2002; Rosati, 2005). Sediment is lost 
from the littoral system in sinks or accumulation areas which include submarine canyons, 
offshore sand bars, depositional environments (e.g. spit or beach growth), dredging or sediment 
mining, offshore transport, deposition in a sheltered environment such as a bay or estuary or 
longshore transport out of the cell. Sediment may also be moved on or offshore as windblown 
sand off a beach into the dunes, wave overwash of a barrier or pushed up a beach as a result of 
ice action (Inman, 1994; Komar, 1998; CHP, 2000; Cooper et al, 2001; Woodroffe, 2002; Rosati, 
2005). 
Littoral cell boundaries may be evident due to a change in the rate or direction of the 
longshore transport of sediment (Inman, 2005). The divide between cells is usually at a point on 
the coastline where there is a change in the orientation of the shoreline (Cooper and Pontee, 
2006). The boundaries between the cells are not necessarily closed so that one littoral cell is 
isolated from adjacent coastal cells, although this does occur (Woodroffe, 2002). The boundaries 
of littoral cells may be marked by a variety of features including headlands which indicate a 
location of flow divergence (Bray et al, 1995; Cooper et al, 2001), submarine canyons (Bowen 
and Inman 1966, Inman and Frautschy, 1965; Komar 1996), or an estuary or bay (Pierce, 1969). 
The boundaries between cells may also be defined according to their permanence within the 
coastal system (Lowry and Carter, 1982, Bray et al, 1995). Fixed boundaries generally have a 
long record of stability (e.g. years) and are located at natural topographic features such as 
headlands and canyons while free or transient boundaries have limited stability and are found 
where the pattern of wave refraction changes over time (Bray et al, 1995: Hume et al, 2000; 
Cooper et al, 2001; Woodroffe, 2002). Cell boundaries may also be described by the amount of 
sediment that crosses it, such that a boundary that does not permit any sediment to pass is an 
absolute boundary and one that can be bypassed is referred to as a partial boundary. Generally, 
most cells have partial or 'leaky' boundaries and allow some movement particularly during high 
energy events (Bray et al, 1995: Hume et al, 2000; Cooper et al, 2001; Woodroffe, 2002). 
39 
2.1.10 - Littoral cell features 
Within a littoral cell erosion, entrainment and deposition of sediment into the longshore 
sediment transport system can result in the development of distinctive erosional (Orviku, Bird 
and Schwartz, 1995; Orford, Carter and Jennings, 1996; Eyles, 2002) and depositional landforms 
(Figure 2.5) such as spits (Lewis, 1932; Lewis and Balchin, 1940; Scott, 1965; Gulliver, 1987; 
Schwartz et al, 1987; Schwartz, Grano and Pyokari, 1989; Fox et al, 1995) and barrier systems 
(Dolan, 1973; Martini, 1975 ; Hequette and Ruz, 1991; Stapor et al, 1991; Kunte, 1995; 
Rukavina, 1999). The beginning or source area in the littoral cell may be a zone of wave energy 
concentration and therefore an area of potential erosion if the sediment source is limited. These 
erosional coastlines generally have a high relief but vary with regional geology. 
Coastal Lagoon Marsh 
Bayhead Beach Cuspate Foreland 
Bayside Beach 
Salient 
Spits 
*- Complex Spit 
Pocket Beach "' 
Simple Spit 
^•Island Spit 
Hooked Spit 
^"Straight Shoreline 
Barrier 
Island 
Looped Spit 
Tombolo 
Wave Crest 
Figure 2.5 - Distinctive landforms of a littoral cell: a) different types of barriers spits, tombolos and cuspate 
forelands in relation to wave approach (Modified from Woodroffe, 2002) 
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Of the depositional features created by longshore transport and deposition within the 
littoral cell, coastal barriers may be considered a characteristic feature (Kunte, 1995). A barrier 
system is a continuous or segmented elongate, shore parallel accumulation of unconsolidated 
sediment (sand or gravel) which forms a single or multiple ridges built by wave action and 
generally separated from the mainland by a body of water or wetland complex (Bird, 2005; 
Hayes, 2005) 
Barrier islands are widespread around the world but there are three main theories for the 
formation of coastal barriers (Figure 2.6) (Swartz, 1971; Dolan, 1973; Kunte, 1995; Bird, 2005). 
The first theory suggests that barrier systems are formed through the longshore extension of spits 
and have subsequently been breached by wave action. A second explanation states that barrier 
systems are formed as a result of an increase in water levels that drowns existing ridge like 
deposits such as sand dunes or beach berms thereby resulting in the upper elevations of these 
ridges exposed above the elevated water levels. Another possible explanation is rapidly rising 
water levels swept sediments toward the present day coastline to establish the barriers. The rate 
of water level rise then decreased so the rate of transgression has slowed and the barrier systems 
have evolved to their present form since then (Swartz, 1971; Dolan, 1973; Pethick, 1984; Kunte, 
1995; Bird, 2005) 
All the proposed theories can be supported with site specific evidence and any or all of 
the processes together or in unison can form a barrier (Swartz, 1971; Pethick, 1984). However, 
the transgression theory appears to have the majority of support as sediment core evidence from 
both sides of barrier systems tend to show buried estuarine deposits on the modern shelf and 
nearshore environment. The presence of the estuarine deposits offshore from the current barrier 
shows that lagoons existed when the water levels were lower. In addition cores of the modern 
back barrier environments do not show open water sediments in the back barrier environment as 
well as estuarine deposits under the current barrier. The evidence suggests that many present 
systems migrated from an initial position offshore and continue to migrate into their own back 
barrier environments (Masselink and Hughes, 2003). 
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(a) Submarine bar 
(h) Spit elongation 
Figure 2.6 - Primary theories of barrier system formation (Image source: Huggett, 2003) 
2.1.11 - Gcoindicators 
A sediment body formed by littoral transport processes in littoral cells along a coastline 
can offer valuable information on its long term evolution. There are various characteristics of 
the features formed by littoral transport processes called 'geoindicators' that have been 
identified and utilized along different sections of coastline (Table 2.7). Generally within a 
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littoral cell several of these indicators will be found and together they can be applied to verify a 
longshore drift direction. The identification of geoindicators is generally accomplished through 
fieldwork as well as the examination of remotely sensed imagery and maps (Hunter et al, 1979; 
Jacobsen and Schwartz, 1981; Morelock et al, 1985). 
Given that littoral drift can be highly variable spatially and temporally, the use of short 
term methods of measurement such as sand traps or tracers, may not measure high energy events 
which can dominate the net results for a shoreline (Morelock et al, 1985). These short term 
studies only record drift for the period of time that they are established while measurements 
determined from wave hindcasting may be subject to biased judgement in the research. Scaling 
up from short term studies may also incorporate mistakes in the determination of net shore drift 
without proper verification through field investigation (Schwartz et al, 1985). As stated 
previously, the comparison and cross check provided by the composite approach is a sound 
method to test model results against the real world for accuracy (Schwartz et al, 1985; Cooper 
and Pilkey, 2004). 
Geoi ndicator 
» Beach width and slope 
» Sediment size gradation and composition 
• Bluff Morphology 
» Headland bay or log spiral beaches 
• Structures that interrupt shore drift 
• Stream mouth diversions 
» Inlet migration 
» Spit growth 
» Identifiable sediment 
» Plan configuration of deltas and intertidal fans 
» Beach pads 
» Nearshore bars 
» Sediment impoundment 
o artificial structures and down drift erosion 
o natural structures and down drift erosion 
Table 2.5 - Selected geoindicators (Taggart and Schwartz, 1988; Healy, 2007) 
The longshore transport of sediment by waves produces distinct depositional features, 
landform assemblages such as stream mouth diversion and spit growth as well as other 
characteristics within a littoral cell (e.g. sediment characteristics) which can provide valuable 
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information and greater understanding of long term sediment transport and dispersal patterns and 
from which littoral cells and littoral transport directions can be inferred under the assumption 
that the current conditions are similar to those under which the landform developed. Given that 
landforms and other indicators are the result of long term natural coastal processes they respond 
to all the variables and forces in the nearshore zone both fair-weather and storm and as such offer 
an alternative source of evidence of littoral drift over an extended period of time and on the 
development of the coast which may be overlooked or ignored in a computer based or short term 
research project (Jacobsen and Schwartz, 1981; Kunte et al, 2001; Bittencourt et al, 2005). 
The use of littoral transport models does not represent the only or the most reliable 
method for understanding and predicting coastal behaviour. A composite approach that utilizes 
information on geomorphological and sedimentological indicators (geoindicators), field 
observations, remote sensing and numerical simulation in predicting sediment transport and other 
variables appears to represent the most appropriate method for understanding the coastal zone 
(Cooper and Pilkey, 2004). The approach of including geomorphological indicators as part of the 
research process provides reliable answers for engineering and management goals (Rivas et al, 
1997; Cooper and Pilkey, 2004). 
Geoindicators have been employed to research net shore drift in the United States in 
Washington State (Jacobsen and Schwartz, 1981; Schwartz et al, 1985; Wallace, 1988), 
Mississippi (Cipriani and Stone, 2001), Alabama (Stone et al, 1992) and Alaska (Hunter, et al, 
1979). The methodology has also been applied in Puerto Rico (Morelock et al, 1985), Gold 
Coast, Australia (Smith, 1988), Brazil (Tessler and de Mahiques, 1993; Bittencourt et al, 2000; 
de Gouveia Souza, 2007), Padre Island, Mexico (Schwartz and Anderson, 1986) as well as India 
(Prakash and Prithuiraj, 1988; Kunte and Wagle, 1993; Kunte et al, 2001). 
2.1.12 - Sediment Budget 
The exchange of sediment within and through a littoral cell is often described as a 
sediment budget with the boundaries of the cell forming the basis for a quantitative analysis of 
coastal erosion and deposition (Woodroffe, 2002; Inman, 2005). Sediment budgets are routinely 
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developed because they represent a fundamental tool in coastal engineering project management 
or coastal sediment process studies. The littoral cell concept has been used to develop sediment 
budgets for a number of shorelines around the world (Stapor, 1971; Clayton, 1980; DeRuig and 
Louisse, 1991; Inman and Masters, 1991; Bray et al, 1995; Kana, 1995; Komar, 1996; van Rijn, 
1997; Gelfenbaum et al, 1999; Park and Wells, 2005) as well as on the Great Lakes (Amin, 1982; 
Davidson-Arnott and Amin, 1983, 1985; Greenwood and McGillvray, 1978, 1980). The 
sediment budget allows for a better understanding of sediment transport paths or volumes 
through time for a selected coastal region, evaluation of project design and an estimate of 
possible future rates of accumulation or erosion (Komar, 1998; Rosati, 2005). The budget is 
important because it represents an important step in understanding the importance of sediment 
sources, transport paths and sink locations along the shore and provides information for sound 
management (Woodroffe, 2002; Patsch and Griggs, 2006). 
Sediment budget analyses assess sediment inputs and outputs within a specified area over 
a given time period which helps determine if the system is balanced or experiencing gains or 
losses (Figure 2.7) (Inman, 2005; Rosati, 2005). 
Q sourcefeg., bluffs, river influx) 
Q, 
Qsink(LST) 
source(LST) • 
-f Q sink (e.g., wind-blown transport) beach 
&V (beach erosion/accretion), 
P (beach fill, dredged placement) 
R (dredging, mining) 
ocean 
'^source(LST) 
* QstotfLST) 
Q sink (e.g.. sea level rise, submarine canyon 
Figure 2.7 - Generalized sediment budget variables (Rosati, 2005) 
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A sediment budget for a littoral cell is like an accounting tally sheet including all the 
gains (inputs), losses (outputs or sinks) and transport within a cell (Table 2.7) expressed as 
volume or volumetric rate of change (Rosati, 2005). If the inputs are greater then the outputs 
then there is a positive sediment budget whereas if the inputs are less than the outputs than there 
is a negative sediment budget (Cooper et al, 2001; Rosati, 2005). The determination of a 
sediment budget is the desired end result from studying coastal sediment movements because 
they are a valuable tool for coastal zone managers. 
Gains (In 
Longshore 
Transport 
Bluff and 
Backshore Erosion 
Onshore Transport 
Fluvial Input 
Total 
juts) 
70 OOOnrVyr 
5000 m3/yr 
4000 m3/yr 
4000 m3/yr 
83 000 m3/yr 
Losses (Sinks Outputs) 
Longshore Sediment 
Transport 
Aeolian transport 
inland 
Offshore Transport 
66 000 m3/yr 
1000 m3/yr 
12000 m3/yr 
79 000 m3/yr 
Balance 
» 
+4000 m3/yr = 
Accretion 
Table 2.6 - Hypothetical littoral cell sediment budget; If the volume of inputs from the sources within a 
littoral cell can be totaled, they can be compared against the volume of sediment lost to sinks. Using the 
sediment budget approach it is possible to gain insight into where changes are occurring within the system. If 
there is a positive balance then there will be accretion in the cell but if a deficit situation exists then erosion 
will occur. If the shore has a balanced budget then equilibrium exists on the shore (Woodroffe, 2002; 
Christopherson and Byrne, 2009). 
. 2.1.13 - Role of the Littoral cell in Coastal management 
One of the ultimate goals of determining longshore sediment transport rates and direction 
as well as the delineating the limits of littoral cells is the application and incorporation of the 
knowledge into a shoreline/land use management program. The identification of sources and 
sink areas along a coast is important as sink zones can be considered relatively more stable areas 
that could accommodate certain types of human use while source areas are unstable areas due to 
erosion and as such are not suitable for human uses due to the associated risks without human 
interference with the natural system. Coastal managers have been increasingly looking for 
guidance from coastal science, as they try to find answers to a variety of problems in the coastal 
zone. Differing points of view between the managers, developers, conservationists and scientists 
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with regard to the coast have been challenging but the objective of sustainable use of the coast is 
the unifying connection for those involved (van Koningsveld et al, 2005). Using the littoral cell 
concept as the basis for shoreline planning and management allows for the development of a 
more integrated and proactive approach to coastal issues and problems compared to the 
reactionary piecemeal approach that has historically characterized coastal management (Cooper 
and Pontee, 2006). 
Geomorphological processes at the coast are important aspects that need to be considered 
to link science and management because the physical environment is the underlying control not 
only for coastal ecosystems but also for human use of the coast and therefore has a critical role 
to play (Reed, 2002). Any attempt to understand and ameliorate the problems and issues of the 
coastal zone requires an understanding of this underlying control but often a lack of 
understanding and failure to incorporate geomorphological information early in the decision 
making process has led to problems with coastal projects (Chandramohan et al, 2001; Patsch and 
Griggs, 2006). 
Management based on the littoral cell offers one of the best ways to incorporate a 
geomorphic understanding and visualization of the coastal change into coastal management 
because it can be organized and practiced around a scale which is fully representative of the 
dynamics of the system (Sherman and Bauer, 1984; Inman and Meadows, 1994). Using the 
identifiable natural processes within a littoral cell to delineate the coast provides a framework for 
the development of a sediment budget which offers the opportunity for the development of a 
more coordinated decision making approach between different political areas with regard to 
conservation and development issues (Bray et al, 1999; Kay and Alder, 1999; Inman, 2005). 
Even if the sediment budget of a coastline is poorly understood, using the littoral cell - sediment 
budget framework is still worthwhile because it provides a model for objective decision making 
that can be updated as more information on sources, sinks and transport paths within the cell 
become known (Inman and Meadows, 1994; Woodroffe, 2002; Christopherson and Byrne, 
2009). 
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The littoral cell - sediment budget concept has been used successfully in Great Britain 
and along the western coast of the United States. The littoral cell - sediment budget method has 
proved to be an effective decision making tool for coastal management in Southern England 
because decisions are based on natural physical and ecological processes along the coast. The 
method is also important because it utilizes natural linkages to harmonize decision making 
between separate political entities which may have had conflicting management policies within 
or on different sides of a littoral cell boundary and may have worked against each other in the 
past (Bray et al, 1995; Hooke and Bray, 1995; Hooke et al, 1996; Leafe et al, 1998; Bray et al, 
1999; Cooper et al, 2002; Cooper and Pontee, 2006). The use of the littoral cell as the basis for 
shoreline management planning has also been utilized in Scotland (Hansom et al, 2004) and it 
has recently been examined by Boateng (2006) to determine if the process would benefit Ghana. 
In the United States, the littoral cell concept is an important component in environmental 
impact studies and is central in the National Environmental Protection Act (1974) (Inman and 
Meadows, 1994). California also uses the littoral cell and sediment budget concepts in the 
management of its coastal sediment as it is a key factor in the California Environmental Quality 
Act (1974) (Inman and Masters, 1991; Inman and Meadows, 1994; Komar, 1996; Griggs, G. and 
Patsch, K. 2006). In Washington State, the Southwest Washington Coastal Erosion Study 
(SWCES) is a federal, state and local research project examining the geology, hazards and 
coastal evolution within Columbia River Littoral Cell (CRLC) (Figure 2.8) to overcome a lack of 
information necessary to make informed decisions. The goal of the project is the prediction of 
change at a management scale at a decadal interval which will improve future land use planning 
and decision making while providing insight into the cause of the change (Ruggerio et al, 1999; 
Gelfenbaum et al, 1999; Voigt et al, 2000; Kaminsky and Gelfenbaum 2000; SWCES, 2003; 
Ruggerio et al, 2005). The littoral cell program in Washington State would allow it to be linked 
with management decision making in Oregon which also uses the littoral cell as the foundation 
for its coastal management program particularly with regard to its hazards management and 
beach/shore protection strategies (CHP, 2000; DLCD, 2007; DLCD 2007a). 
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Figure 2.8- Columbia River Littoral Cell (CRLC) 
(Image source: http://Dubs.usgs.gov/of/2001/ofQl-076/HTMLDOCS/FlGURES/FIGl.JPG) 
Littoral cells have been delineated along the majority of the shoreline of the Great Lakes 
in Ontario (Greenwood and McGillvray, 1978; Reidners, 1988; Lawrence, 1995; Lawrence & 
Davidson- Arnott, 1997) as well as reaches of the shoreline in the United States (Nummedal et al, 
1984; Chrzastowski et al 1994; Foyle and Norton, 2007). 
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Coastal management in Ontario has generally involved a response to flooding and erosion 
hazards due to high water levels on the Great Lakes (Kreutzwiser, 1987; Lawrence, 1995; 
Lawrence, 1995a). The most recent high water event (1985/86) resulted in the preparation of 
shoreline management plans by many but not all local Conservation Authorities (Kreutzwiser, 
1987; Lawrence, Nelson & Peach, 1993; Slaats & Kreutzwiser, 1993; Lawrence, 1995; 
Lawrence, 1995a). The shoreline management plans are based upon littoral cell boundaries with 
consideration for shore processes and the effects of development on drift (ABCA, 2000; 
CLOCA, 1990). One of the most proactive agencies has been the Ausable Bayfield Conservation 
Authority (ABCA) which recently updated their Shoreline Management Plan (2000). The plan 
recognizes the value of managing the shoreline on a littoral cell basis and make 
recommendations for those locations outside of the littoral cell. ABCA worked very closely with 
adjoining conservation authorities to ensure a consistent approach to shoreline management on 
the shores of Lake Huron. The littoral cell was noted to be the key component of the shoreline 
ecosystem and provided a sound basis upon which to make decisions (ABCA, 2000). 
Littoral cell management dovetails into the principles of Integrated Coastal Zone 
management (ICZM) because it incorporates a number of the guiding principles. The objective 
of ICZM is to maintain, restore or improve the quality of coastal zone ecosystems and at the 
same time establish sustainable levels of social and economic activity in the communities they 
support along the coast (Cummins et al, 2004; Lutkes and HolzfuB, 2006; AUS, 2007; Defra 
2007). Originally conceived in the USA in the early 1970s as coastal zone management (CZM) 
in response to increasing human pressure on the coast and it designated as integrated coastal 
zone management (ICZM) to recognize the multidiscipline - multisector effort that would be 
required. The term is one of the primary recommendations of Agenda 21 from the Earth Summit 
which gave the idea both international prominence and political legitimacy (Cummins et al, 
2004). Some of the guiding principles of ICZM include having a long term view, a broad 
holistic approach, working with natural processes, decision making based on good data and 
information, local participatory planning and initiative, using a range of tools such as laws, plans, 
economic instruments, education, voluntary agreements, promotion of good practices, etc (Abul-
Azm et al, 2003; Cummins et al, 2004; Lutkes and HolzfuB, 2006; Defra 2007). 
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2.2 - Coastal Models 
2.2.1 - Coastal Models 
A geomorphological model is a simplified version or an approximation of a system or 
part of a system representing an idealized version of nature that is easier to understand and 
research (Lakhan and Trenhaile, 1989; Tucker, 2004; Christopherson and Byrne, 2009). There is 
a conscious use of different models in coastal geomorphology to illustrate, understand and 
explain exemplary landforms or Earth surface processes. Geomorphic systems, coastal or 
otherwise, generally evolve over long time scales so that change is generally too slow to allow 
direct measurement such that models use contemporary processes in an attempt to provide 
information on possible sequences of landscape evolution (Tucker, 2004). Models are useful for 
estimating or predicting possible future development or conditions for different coastal processes 
or providing different scenarios for further investigation, monitoring in the field. However, no 
matter how complex, Lakhan and Trenhaile (1989) noted that models are only an abstraction or 
simplification of reality but are still useful for experimentation, communication and generating 
ideas. There are three general types of models that can be utilized in coastal geomorphology, 
including the conceptual model, the hardware or experimental model and the mathematical 
model. 
A conceptual model is a visual method (e.g. - diagram) used to concisely represent and 
describe the organization and relationships between significant variables, processes, features or 
management issues and concepts within the boundaries of a system. As new evidence is found 
or relationships become more clearly understood with regard to various variables or processes, 
there is a progressive refinement of conceptual models (Cloern, 2001; Morgan, 2005; MacKay, 
2009; OzCoasts, 2009). A conceptual model not only allows for an explanation of observed 
landforms or processes in an environment but can also allow for prediction about evolution of 
the landform or influence the type of questions asked by researchers (Tucker, 2004). Conceptual 
models are useful tools in coastal geomorphology because they summarize technical 
information; integrate knowledge from numerous disciplines helping to increase understanding 
of the systems and to facilitate communication between various parties involved with decision 
making process (OzCoasts, 2009). Gelfenbaum et al (1999) used a conceptual model to 
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summarize existing knowledge and illustrate the compartments and pathways within the 
Columbia River littoral cell as they evaluated a preliminary sediment budget. Fitzgerald et al 
(2000) also used this type of model to describe how sediment bypasses both natural and 
improved tidal inlets on alluvial or sandy shores to the downdrift shoreline. The models outlined 
in Fitzgerald et al (2000) were used by Balouin and Howa (2002) who combined field data on 
sediment flux, sand tracers and wave data to develop a conceptual model for their examination of 
the western part of the barrier at Rio Formasa in the Algarve, South Portugal. 
A second type of model utilized in geomorphology is hardware or experimental models 
(Pethick, 1984; Lakhan and Trenhaile, 1989; Tucker, 2004). These types of models are often a 
scaled down or a simplified physical representation of a particular geomorphic system or 
process, but may also be of a similar size to a real world example. A variety of coastal 
geomorphological processes such as can be studied in flumes and wave tanks of various sizes 
ranging from simple single beach models in classroom sized examples (e.g. - 1.5 x 2.5 m) to 
large indoor facilities (e.g. - 30 x 50 m) such as those at the O.S. Hinsdale Wave Research 
Laboratory at Oregon State University (OSU, 2009), the Offshore Technology Research Centre 
operated jointly by Texas A&M University and the University of Texas at Austin (OTRC) or the 
Large-Scale Laboratory Facility For Sediment Transport Research (LSTF) at the Coastal and 
Hydraulics Laboratory of the US Army Corps of Engineers (CHL, 2009). Despite the time and 
complexity of the set up, these models provide a great deal of flexibility in testing and isolating 
variables and although there are issues with regard to scaling processes, hardware models are 
important sources of information for a range of coastal geomorphic processes including 
processes such as rip currents (Haas and Svendsen, 2002) or breaking waves (Okazaki and 
Sunamura, 1991) small scale bedforms (Marsh et al, 1999), or aspects associated with specific 
types of coasts, e.g. Rocky Coasts (Sunamura, 1976; Thorton and Stephenson, 2006) or 
engineered coasts (McDougal et al, 1996). 
The last type of model utilized along the coast is mathematical modeling (Pethick, 1984; 
Lakhan and Trenhaile, 1989; Tucker, 2004). These models represent valuable tools that can 
integrate large amounts of data about a number of processes that influence a system so they are a 
good way of examining many parts of the larger system (Cloern, 2001). Despite varying levels 
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of complexity, mathematical models are widely used due to their versatility and flexibility 
(Lakhan and Trenhaile, 1989). These models really emerged after World War two with the 
advent of computers and, like hardware models, allow for experimentation and testing of 
complex variables and assumptions within the model. Mathematical models are driven by 
experimental research as well as field observations so that a model may be designed to explain a 
data set or infer a possible outcome. Mathematical models have been widely used for ocean and 
atmospheric circulation studies (Griffies et al, 2000, Griffies et al, 2009, Haywood et al, 2009) as 
well as climate change forecasting (Magnuson et al, 1997; Stocks et al, 1998; Lofgren et al, 
2002; Wotton et al, 2003). At the coast, mathematical models are used to examine waves, 
sediment transport and coastal evolution. 
All of these types of models represent important tools for investigating coastal processes 
and environments because they can integrate large amounts of data about a number of 
geomorphic processes that influence a system and as such they represent a good way of 
examining parts of the larger system (Cloern, 2001). However, they are still only a generalized 
version of complex systems that are poorly understood so that the results have varying degrees of 
uncertainty associated with them. The complex equations developed to simulate natural systems 
where all the processes or governing variables may not be known are only as good as the data 
inputs so that it is important to utilize the most accurate data available (Pethick, 1984). Models 
are extremely useful for testing ideas about natural processes but a model does not represent the 
real world only a part of it (Inman and Meadows, 1994). There are limitations to the use of 
models given some of the assumptions that the models are developed around and these will vary 
depending on the model (Theiler et al, 2000). 
2.2.2 - Wave modeling - Deep water 
Wave prediction in the past was based on experience and observation but advances in 
technology, physics and mathematics now allow the prediction of deep water wave conditions 
with a relative degree of accuracy over tens to thousands of kilometers using a number of 
different models. The modeling of wind wave generation is relatively more accurate as it avoids 
complications associated with the coastal area particularly water depth (Khatri, 1997). 
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The forecasting and prediction of ocean waves began with early attempts made during 
World War Two by Sverdrup and Munk (1947). The goal at the time was to forecast and predict 
waves in areas such as the English Channel in preparation for military operations like the 
Normandy invasion in 1945. Sverdrup and Munk (1947) used physical arguments as the basis to 
approximate a generalized version of wind and wave growth (Jensen, 1994). Using the energy 
balance equation and non-dimensional analysis, the pair introduced statistical expressions related 
to sea state, the most important being the significant wave height (Hs) and significant period (T) 
which were determined to be directly related to wind speed, fetch length and duration (Jensen, 
1994). The early method of Sverdrup and Munk (1947) was later modified by Bretschneider 
(1952) whose work further developed the theory and resulted in the basis for the early wave 
forecasting models. The work of these researchers is often referred to as the significant wave or 
SMB (Sverdrup, Munk and Bretschneider) method. These early models of wave prediction were 
deterministic steady state models that utilized the mechanics of the processes to compute an 
outcome such as the wave height resulting from a given fetch and wind velocity (Inman and 
Meadows, 1994). 
2.2.3 - First Generation Modeling 
After the war, the spectral approach to wave forecasting was introduced by Pierson, 
Neuman and James (1955) where a series of nomograms describing a frequency spectrum could 
be constructed from wind speed, fetch lengths and durations. These pioneering techniques that 
were based on empirical results remained the foundation for wave prediction models for almost 
two decades (Jensen, 1994). 
Models developed during the 1960s by a number of research groups were first generation 
wave or 1G model. The ultimate goal for this first generation was to solve for the time rate of 
change in E, or the directional spectra in a prescribed grid system (Jensen, 1994). Quantification 
of the source/sink terms in the energy balance equation began with work by Miles (1957) and 
Phillips (1957) described as the Miles-Phillips Mechanisms for wind-wave growth. Within the 
model energy source terms transfer energy into the system while an energy sink removes energy 
from the system and in theory the sum of all the source/sink terms should be balanced and equal 
zero. It was presumed that energy was transferred from the winds to the free surface through an 
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atmospheric input that was expressed through two terms, an external turbulent pressure forcing 
mechanism and a linear feedback mechanism (Khatri, 1997; Jensen, 1994). Based on this idea 
wind-wave growth would be infinite but in the final stages of wind-wave growth, the energy 
input from the winds is related to a limit in relative steepness of the wave through the dissipation 
term (Jensen, 1994). Although these first generation models were simplistic, they produced 
reasonable results due to continual improvements in the wind field description and years of 
tuning the A and B terms used in the wave model. An example of a first generation model would 
be the Spectral Ocean Wave Model (SOWM) which was used by the Fleet Numerical 
Meteorology and Oceanography Center (Jensen, 1994). 
2.2.4 - Second Generation Modeling 
Second generation models utilized the theory that a coupled nonlinear process could 
explain the transfers of energy between different frequency bands and the migration of the 
spectral peak toward lower frequencies. In a 2G model the radiative transfer equation and the 
introduction of non-linear wave-wave interaction formed the basis for the second generation of 
wave models (Khatri, 1997; Jensen, 1994). The coupling of the nonlinear wave-wave interaction 
term with the atmospheric source input term reduced the effect of the winds by an order of 
magnitude so that the results approached those that had been predicted earlier by Miles and 
Phillips (1957) (Jensen, 1994). A large number of second generation wave models have been 
developed were created including AD WAVE (Resio, 1981), SHALWV (Hughes and Jensen, 
1986) and WISWAVE (Hubertz, 1992) and have been shown to yield realistic wave climates for 
a variety of meteorological conditions (Jensen, 1994). 
On the Great Lakes, there have been two wind-wave hindcasts using second generation 
wave models. The first hindcast utilized the wave model DWAVE and sought to produce an 
accurate and comprehensive 32 year hindcast. The DWAVE model simulates wave growth, 
dissipation and propagation of wave energy in deep water as a function of space, time, frequency 
and direction (Hubertiz et al, 1991; Reinhard et al, 1991; WIS, 2009b). The model is based on 
the assumption that the wave field on one of the lakes can be represented by a distribution of 
energy in discrete frequency and direction elements. The discrete frequency and direction 
elements allow the wave parameters for the lake to be computed. The change in the energy in 
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each spectrum as a function of time at specified grid points throughout the lake is determined by 
the radiative transfer equation which is solved for each grid point over successive time intervals 
(Hubertiz et al, 1991; Reinhard et al, 1991; WIS, 2009b). 
The wind source term in the DWAVE model supplies energy to the lake surface which 
allows the wave spectrum to grow while the wave-wave interaction term controls the spectrum 
development. Each frequency-direction element in the wave spectrum is propagated individually 
which according to Hubertiz et al (1991) is advantageous because of its stability, execution time 
and simplicity. The model uses a latitude/longitude grid and propagation along a meridian or 
parallels has to account for curvature, divergence or convergence (Hubertiz et al, 1991; Reinhard 
et al, 1991). The simulated source/sinks within the model include energy transfer from the 
atmosphere to the wave field, energy transfer among the wave frequencies through wave-wave 
interactions, energy transfer from the wave to the atmosphere and energy losses due to wave 
breaking in deep water. Wave growth occurs through the transfer of energy to the lake surface 
and part of the energy generates surface gravity waves. The energy continues to flow into the 
wave spectrum and the wave-wave interactions transfer energy within the spectrum from the 
mid-range region to the forward face and high frequency regions. Under a constant wind input, 
equilibrium between energy and frequency is eventually reached so that the model produced a 
good agreement between the measured and calculated values (Hubertiz et al, 1991; Reinhard et 
al, 1991). 
More recently a second hindcast of Lake Ontario was produced using WAV AD, a second 
generation spectral model that maintains equilibrium between the wind source and non-linear 
wave energy flux with an assumed wave spectrum shape (Scott et al, 2003). The second hindcast 
differed from the first in that it covered a longer period of time, used more climate data, a more 
advanced model and ice cover on Lake Ontario was included. The inputs to the model consisted 
of a regular grid that defined the lake shoreline and bathymetry as well as varying ice cover. It 
was concluded that the WAV AD model produced reasonable agreement with regard to 
comparisons with the available long term wave buoy datasets (Scott et al, 2003). 
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2.2.5 - Third Generation modeling 
The third generation (3G) wave models were developed to resolve two major issues with 
the second generation models including the fact that none of the 2G models was applicable for 
all wind conditions and the limitations imposed on the spectral shape influencing the overall 
results. Although 3G models share some similar characteristics with earlier models including the 
fact that the definition and solution of the source/sink mechanisms does not use a formulated 
parametric or empirical framework but rather is determined by defining the frequency/direction 
domain, they have no predetermined limits set on the spectral shape and the modeled spectrum 
results from the balance in the source/sink term specification. Non-linear wave-wave interaction 
is also solved explicitly and "is consistent with the number of degrees of freedom contained in 
the description of the frequency/directional spectrum" (Jensen, 1994). 
The primary difference between 3G models is generally that the model evaluates the 
source/sink term expressions. Even though the 3G models evaluate and model the physical 
processes better than the 2G models, they may still not be describing those processes adequately 
and research needs to continue to refine the techniques used to model wave propagation, growth 
and transformation. Results from 3G models do confirm that they provide an accurate wave 
forecast which is making them the focus for forecasting and research around the world because 
they approximate the physical processes that affect the state of the oceans better than the 2G 
models. Three of the more often utilized 3G wave models are the WAM (Wave Modeling) and 
Wavewatch and OWI-3G programs (Inman and Meadows, 1994; Jensen, 1994). 
The WAM model is a third generation wind wave model for intermediate to deep water 
which works by solving an action density balance equation without any assumptions made with 
the regard to the shape of the spectrum. The density equation balances the local rate of change of 
wave action, the propagation of wave action in the space including bottom and current straining 
and depth and current refraction which describe the distribution of action density over the 
spectrum with a number of source/sink terms. The source/sink terms in WAM include the wind 
input, decay of wave energy due to whitecapping, wave energy transfer due to quadruplet non-
linear wave interactions and wave energy dissipation due to bottom friction (Luo et al, 2000). 
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The WAM model has been used on the Great Lakes where it was tested against two earlier 
models. Model results were verified against buoy data and it was found that although the model 
tended to underestimate both the significant wave period and wave heights at most buoy stations, 
it still outperformed the other two models with regard to bias and error and overall the results 
were satisfactory (Luo et al, 2000). 
2.2.6 - Wave Hindcasts 
Numerical wave models can be used to predict wave climate scenarios over a variety of 
temporal and spatial scales using relationships between atmospheric parameters and wave 
conditions (CEM, 2002; Mitchell et al, 2004; EC1, 2009; NOAM, 2009). Environment Canada 
(EC) and National Oceanic and Atmospheric Administration (NOAA) both use various wave 
models (WAM, POM, and Wave Watch III) to create 'nowcasts' or 'forecasts' which are 
available online for the Great Lakes as well as entire ocean basins (EC1, 2009; NOAA1, 2009; 
NOAA2, 2009, NOAA3, 2009). A wave model may also be used to create a wave hindcast or a 
prediction of what the wind generated waves were for a historic period of time or event. Using 
data within a lake basin such as its size, fetch and depth along with climatic data the wave 
models estimate wave parameters such as wave height and period (Barua, 2005). The quality of 
the wave statistics generated by hindcasts depends on the quality and accuracy of the input wind 
conditions (Soares et al, 2002; Gorman et al, 2003a). Outside of the Great Lakes region, wave 
hindcasts have been developed for open ocean environments (Berek et al, 2000; Gorman et al, 
2003a; Gorman et al, 2003b; WIS, 2009) as well as more enclosed basins (Weisse and Gayer, 
2000; Calverley et al, 2002; Graham et al, 2002; Yamaguchi et al, 2004). 
2.2.7 - Wave Transformation 
Wave modeling is important along the coast because it can provide reliable long term 
information on the wave climate of a region, including normal as well as extreme conditions. 
Computer modeling of wave conditions is also a popular method of researching waves because it 
is relatively inexpensive and permits the testing of the relative importance of different variables 
such as wave period or wave height (Inman and Meadows, 1994). Knowledge of wave 
conditions is necessary in order to estimate sediment transport rates, the design of beach 
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protection or restoration projects, design criteria for coastal infrastructure, either residential or 
commercial as well as offshore structures related to the exploration and development of 
resources such as oil and gas. Analysis of wave data can allow a calculation of the return interval 
so that structures can be designed for a 50 or 100 year wave condition (Weisse and Gayer, 2000; 
Calverley et al, 2002; Graham et al, 2002; Haas and Svenson, 2002; Williams et al, 2003; 
Cardone et al, 2004). The information necessary for these engineering and management 
activities could come from the direct measurement of waves but most regions only have a limited 
database to draw upon so that wave modeling is an effective method around which to base an 
estimate of the wave environment. Wave environment refers to the prevailing set of wave 
conditions along a particular section of coast averaged over an extended period of time (Inman 
and Meadows, 1994). 
The output from deep water wave models are used to drive transformation scale models 
which model the change or transformation of waves as they approach the shoreline and are 
influenced by the processes of refraction, shoaling and breaking (Smith, 2001). Waves 
approaching the shore from deep water with their crests at an angle to the shore and local 
bathymetry will experience wave refraction, a process by which the direction of travel of a wave 
crest is altered due to the interaction of wave base with the lake bed so that the wave crest tends 
to align itself with the submarine contours and the shoreline (Figure 2.9). The refraction of 
waves influences the breaking wave height and the angle of approach to the shore which 
produces an uneven distribution of wave energy along the shoreline. This uneven distribution of 
wave energy is significant to the study of coastal processes because it affects nearshore currents, 
the rate of littoral transport and coastal morphology (Pethick, 1984; Komar, 1998; Fearing and 
Dalrymple, 2003; Masselink and Hughes, 2003). 
The crests of the wave not only bend as the wave refracts, they also spread out during 
refraction. Assuming a straight coastline with parallel offshore contours, refraction will cause 
the wave rays to spread out resulting in a dispersion of wave energy. The dispersion of wave 
energy consequentially results in a reduction of wave heights along the coast in relation to what 
they would have been with no refraction. The reason for the reduction in wave energy is that the 
energy flux that exists between the two adjacent rays is constant assuming there is not loss to 
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bottom friction. The available energy flux as a result of the dispersion due to refraction is 
therefore extended over a greater length of the wave crest (Komar, 1998; Masselink and Hughes, 
2003). 
Figure 2.9 - Wave refraction along a coast results in the wave crests converging or diverging with a 
subsequent variation of wave energy along the coast. (Zenkovich, 1967; King, 1972; Pethick, 1984; Komar, 
1989; Masselink and Hughes, 2003) - Modified from source: http://www.csc.noaa.gov/text/Imagel4.gif 
Along irregular coastlines wave refraction occurs at different rates along the wave 
producing a complicated pattern of refraction with associated variations in wave height and 
energy distribution. Refraction around headlands along irregular coastlines results in wave 
convergence as the waves travel through shallow water near the coast and experience a reduction 
in wave phase velocity. The spacing between the wave rays decreases (Kr > 1) as the waves 
approach the headland which increases the wave energy along with the height of the wave as the 
wavelength gets shorter. The more energetic wave environment results in the headlands being the 
focus of wave attack and erosion potential. At the same time the energy is being focused on the 
headlands, the waves entering the adjoining deeper water bays diverge and as a result their 
energy is dissipated. Wave divergence is generally indicated by an increase in the spacing of the 
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wave rays (Kr <1) which results in a decrease in wave height thus resulting in a calmer wave 
environment. The distribution of wave energy along the coast creates areas of erosion and 
accumulation potential so that over time the coast generally attempts to become straighter 
(Zenkovich, 1967; King, 1972; Pethick, 1984; Komar, 1989; Masselink and Hughes, 2003; 
Christopherson and Byrne, 2006). 
The amount of refraction that a wave undergoes depends on the proportion of the wave 
that is in shallow water and therefore affected by the shoaling transformation. Shallow water 
begins when the depth/wavelength ratio is 1/20 which means that longer period swell waves will 
begin to interact with bottom contours at greater overall depths than waves with shorter 
wavelengths. The result is that the amount of refraction the longer period waves experience is 
greater than short period waves so that longer period waves are normally observed aligned to the 
coast (Pethick, 1984; Masselink and Hughes, 2003). 
There are several models for the transformation of deep water waves to shallow water 
waves including RCPWAVE (CETN, 1986; Maa and Kim, 1992; Rakha and Abul-Azm, 2000; 
Maa et al, 2001; CEM, 2002b), REF/DIF (Maa et al, 2000; CEM, 2002b; Kirby and Dalrymple, 
2007; Kirby, 2007; Oh et al, 2009), SWAN (Jin and Ji, 2001; Lin et al, 2002; Rogers et al, 2003, 
SWAN, 2009), Mike21 (Jose and Stone, 2006; MIKE, 2009) and STWAVE (Smith et al, 2001). 
Often discussed in conjunction with wave refraction is the concept of wave diffraction 
which is the process of transferring wave energy laterally along the crest of the wave rather than 
the direction of wave propagation and it occurs regardless of water depth. Wave diffraction 
occurs as a wave train encounters an obstacle in its path, such as an island (Oretel and Overman, 
2004) or a breakwater (Abul-Azm and Willliams, 1997; Filanoti, 2000; Huang et al, 2005). The 
obstruction creates a shadow zone behind it which is a beneficial purpose of these regions with 
regard to providing shelter for boats. After passing the obstacle, the waves turn into the region 
behind it, the shadow zone and although it appears to be calm the waves still carry some of their 
energy into the area. The transfer of energy along the length of the wave means that the waves 
do have an effect on the water in the lee of the obstacle. The change in wave direction is also 
accompanied by a subsequent change in wave height which depends on the nature of the barrier. 
The amount of wave diffraction increases as the angle between the wave crests and the obstacle 
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increases which produces a significant reduction in wave heights for large angles. Diffraction 
allows wave energy to be transferred through narrow bay openings or harbour entrances. 
Although the process is fundamentally different from wave refraction, they often operate 
together in the same environment (King, 1972; Komar, 1998; Fearing and Dalrymple, 2003; 
Masselink and Hughes, 2003). 
2.3 - Great Lakes - Lake Ontario 
The Great Lakes are a well researched ecosystem with a large number of published texts 
and articles. The system has been the subject of many general texts (Allen, 1970; Myers, 1974; 
Burton, 1996; Grady, 2007) as well as specific texts on a wide variety of subjects including water 
use in the basin (Anin, 2006), geology (Hough, 1958), quaternary evolution (Karrow and Calkin, 
1985), fauna (Dunn, 1996; Harding, 1997), shipwrecks (Ratigan, 1977) and pollution (Ashworth, 
1997; Hites, 2006). There has also been a variety of research published on specific subjects 
related to the coastlines of the Great Lakes including general texts such as McClelland (2008), 
Blocksma (1995) and Ashworth (2003) as well as work on more specific topics such as coastal 
plants (Weatherbee, 2006), wetlands (Young, 2002) and oil spills (Owens, 1979). 
Wave climate in the various Great Lakes basins has been the focus of a range of research 
topics. Research on offshore waves has examined and compared field measurements with 
observational data (Liu and Kessinch, 1976) and looked for variation within the system of 
recording (Clodman, 1990). Wave research has focused on a variety of variables impacted by 
waves such as coastal erosion rates (Vallejo and Degroot, 1988; Swenon et al, 2006) or lake bed 
erosion (Kang et al, 1982; Davidson-Arnott and Amin, 1985; Booth, 1994; Schwab et al, 2006). 
Waves on the Great Lakes have also been related by various authors to various lake and lake bed 
ecosystems or components of those ecosystems (Barton and Hynes, 1978a; Barton and Hynes, 
1978b; Ratti and Barton, 2003). The US Army Corps of Engineers and the Ontario Ministry of 
Natural Resources have utilized wave models to create wave hindcasts beginning in the late 
1970s through to the mid-1980s for all the Great Lakes (Resio and Vincent, 1977; Hubertz, 
1989; Eid et al, 1991; Hubertz et al, 1991; Hubertz et al, 1991b) as well as regional hindcasts for 
studies of specific regions of the basin (MacLaren, 1988; Phillpot, 1988; Sandwell, 1988; 
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Yamaguchi et al, 2004). Although wave hindcasts are available for all the Great Lakes, Lake 
Ontario has the most recently completely hindcast. In 1991 a 32 year hindcast was developed for 
Lake Ontario using the DWAVE model to recreate wave conditions at 44 stations throughout the 
lake with six grid locations along the western Coast of Prince Edward County (Reinhard et al, 
1991). The 40-year hindcast (1961-2000) was completed by Baird and Associates in association 
with the International Joint Commission Technical Working Group for the study of regulation of 
water levels on Lake Ontario and the St. Lawrence River (Baird, 2003). 
This most recent hindcast built upon the work by Hubertz et al (1991) by including a 
more advanced hindcast model (WAVAD), finer grid resolution, and updated wind data as well 
as including the effects of ice cover. A total of 307 stations were created around the 
circumference Lake Ontario with approximately 38 locations along the Prince Edward County 
coast from which information can be extracted on wave climate (WIS, 2009b). Table 2.8 
illustrates the results of the two hindcasts for a similar location along the western coast of Prince 
Edward County. 
Hindcast 
Station (location) Year 
26 (42.75, 77.45) 1991 
176 (42.79, 77.16) 2004 
Variable 
Mean Significant wave height (m) 
Mean Peak wave period (s) 
Most Frequent 22.5degree centre direction 
Mean Significant wave height (m) 
Mean Peak wave period (s) 
Mean Direction - center band 
Value 
0.5 
2.5 
247.5 
0.8 
4 
270 
Table 2.7 - Comparison of hindcast values for mean significant wave height, mean peak period and mean 
direction for two example locations along the Coast of Prince Edward County 
Nearshore circulation and littoral transport of sediment and other materials have been the 
focus of a number of papers from locations throughout the Great Lakes basin. Sediment transport 
in Lake Michigan has been examined by a number of authors throughout the year (Lesht, 1989; 
Cardenas et al, 2005; Hawley and Eadie, 2007; Hawley et al, 2009) as has sediment and 
contaminants in Lake Superior (Krezoski, 1989; Gewurtz et al, 2008). In Lake Huron, potential 
longshore sediment transport has also been examined at Nottawasaga Bay (Davidson-Arnott and 
63 
Pollard, 1980; Coakley, 1981) and along the eastern coastline (Lawrence, 1991; Lawrence and 
Davidson-Arnott, 1997) while in Lake Erie it has been investigated along Long Point (Davidson-
Araott and Van Heyningen 2003). Sediment transport has also been assessed in a number of 
regions around Lake Ontario including the offshore as well as coastal areas. The suspension or 
resuspension of sediments in the deepwater basins of the lake has been examined under varying 
conditions on the lake (Murdoch, 1983; Rosa, 1985; Hawley et al, 1996; Halfman et al, 2006). 
There are a number of studies examining the littoral transport of sediments and pollution in the 
nearshore zone including work along the waterfront of Toronto (Greenwood and McGillvray, 
1978; Greenwood and McGillvray, 1980) and along the south shore of the lake (Amin, 1982; 
Davidson-Arnott and Amin, 1983) as well as research on the movement of Mirex in the lake 
(Van Hove Holdrinet et al, 1978; Scrudato and Delprete, 1982; Halfon, 1987; Mudambi et al, 
1992). 
Universities, consultants and non-governmental groups and the various agencies of the 
governments of the United States (e.g. EPA, US ACE, USGS) and Canada (e.g. Environment 
Canada, DFO) have published numerous studies and reports on all aspects of the Great Lakes 
ecosystem (e.g. pollution, water levels, climate change). In addition to this research, the 
respective agencies at the provincial and state level involved with the studying, monitoring and 
managing the Great Lakes have also produced a vast array of literature. Even more studies have 
been undertaken through agencies such as the Great Lakes Fishery Commission and International 
Joint Commission which have been developed for the cooperative use and management of the 
Great Lakes at an international level. The most recent and comprehensive study of Lake Ontario 
was conducted under the auspices of the IJC and examined variables related to water level 
regulation in the lake. 
The International Lake Ontario-St. Lawrence River Study was undertaken because the 
existing plan had been in place since 1963 and was based upon data, politics and economics from 
the 1950s. There was also very limited experience in regulating lake level over time. The goal of 
the study was to develop a revised plan for regulating water levels and flows in the Lake 
Ontario-St. Lawrence River system. There were nine technical working groups examining 
coastal processes, commercial navigation, information management, domestic, industrial and 
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municipal water uses, environment/wetlands, hydrologic and hydraulic modeling, hydroelectric 
power, plan formulation and evaluation and recreational boating/tourism. The development of 
the study included consultation with interested groups such as First Nations, general public, 
environmental advocates, recreational boaters, tourists and marina operators, shoreline property 
owners, commercial navigation operators, domestic, industrial & municipal water users and 
hydroelectric power producers. Over the course of the study (1999 - 2006) a range of research 
projects produced a large amount of new data designed to satisfy the demands of the working 
groups. The final report generated a total of three plans and each plan fulfilled some of the 
principal requirements for a new plan but not all of them (IJC, 2006). 
2.4 - Summary 
This chapter has provided a background of the literature relevant to the study and 
modeling of wave climate in the nearshore zone. Coastal models are valuable tools in the study 
of various coastal processes and have been shown to provide valuable data for the investigation 
of questions related to nearshore coastal environment. The remainder of this thesis will build 
upon the modeling of the nearshore wave climate by examining changes in wave characteristics 
as wave approach direction changes and how these changes affect potential sediment transport. 
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Chapter 3 - Research Site 
Prince Edward County is located near the eastern end of Lake Ontario and it contains 
a diverse range of coastal environments. The coastal geosystem is still relatively intact but 
human activity is increasing in the region and along the coast. The following chapter 
summarizes the relevant background data for the study site along the western shore of Prince 
Edward County including variables in the landward section of the coastal zone (e.g. geology, 
geomorphology, and climate), the lakeward coastal zone (e.g. bathymetry, ice conditions 
circulation), and the human footprint. 
3.1 - Introduction 
Prince Edward County is a peninsula located approximately 200 km East of Toronto, 
Ontario on Lake Ontario's north shore (43.915° N 77.525° W). The county is almost 
completely encircled by the water of Lake Ontario and the Bay of Quinte (Figure 3.1). The 
narrow lowland connecting the peninsula to the mainland has been cut by the Murray Canal, 
effectively making the county an island. 
3.1.1 - Prior Research 
Prior research along the western shore of Prince Edward County region includes 
numerous studies at a basin and regional scale as well as a number of unpublished theses 
focused on small areas along the coast. • The study site has been included in a number of 
studies examining variables within the Great Lakes basin, the Lake Ontario basin, the St. 
Lawrence valley or eastern Canada or Ontario. Along the western coast of the County there is 
a limited amount of research, most of which is focused on surface sediments 
Regional studies of Eastern Ontario with reference to Prince Edward County have 
been undertaken in a variety of disciplines including geomorphology (Chapman and Putnam, 
1984; Kesik et al, 1990), geology (Liberty, 1960; Carson, 1981; Martini and Bowlby, 1991; 
Barnett, 1992), glacial history (Spencer, 1889; Gwyn and Dreimanis, 1979; Gadd, 1980; 
Leyland, 1982a, 1982b; Sly and Prior, 1984, Gilbert and Shaw, 1992, Gilbert et al, 1992), 
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neotectonics and seismicity (Bowlby et al, 1988; Gorrell, 1988; McFall and Allam, 1989; 
McFall, 1993; Mohajer, 1993; Thomas et al, 1993; Karrow and White, 2002) and coastal 
dunes (David, 1977, 1979; Davidson 1990; Martini, 1981; Law, 1990). 
Point Petre 
0 2 4 8 12 
i I^M iKm Lake Ontario 
• 
Figure 3.1- Study site location on the northern coast of Lake Ontario (OMNR-LIO, 2009; ESRI, 2009) 
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Research on the Lake Ontario basin has examined changing water levels (Lee et al, 
1994; Lenters, 2001; Quinn, 2002), lake basin history (Karrow et al, 1961; Dreimanis, 1969; 
Sutton et al, 1972; Muller and Prest, 1985; Larson and Schaetzl, 2001) as well as bottom 
sediments (Kindle, 1925; Lewis and McNeely, 1967; Rukavina, 1970, 1976; St. Jacques and 
Rukavina, 1972; Thomas and Kemp, 1972; Sutton, 1974). These works all help to place the 
Prince Edward County region in context and relate to it events, processes and features at a 
regional, Provincial or National scale. 
The coast of Prince Edward County has been the focus of a number of unpublished 
reports as well as undergraduate and graduate theses. There has been a definite focus on the 
sediments of various surface environments particularly coastal dune fields of the region 
(Table 3.1). Much of the undergraduate research has used grain size analysis to try to 
differentiate environments based on the characteristics of the surface sediments primarily 
within the Provincial Parks. A number of the undergraduate research works have focused on 
the beach and dune systems of what is now Sandbanks Provincial Park, probably given its 
unique size as well as its protected and relatively intact environment. These early works in 
the park were utilized to help explain the development of the barrier bar dune system by Law 
(1989). Vegetation in the coastal dune environments and its relationship with human impacts 
has also been examined in the Provincial Parks. 
There are four unpublished reports that examine coastal processes along the shore of 
Prince Edward County, three near the town of Wellington and a fourth at a location south of 
North Beach Provincial Park. Two reports dealing with coastal processes adjacent to 
Wellington were acquired from the Municipality offices and were related to the maintenance 
and development of the navigation channel between West Lake and Lake Ontario. Baird 
(1985) examined the redevelopment options for the navigation channel that allows access to 
the town marina. An estimate of potential littoral transport is provided for the short reach of 
the Wellington barrier bar near the town and navigation channel in addition to the design 
recommendations for the jetties of the channel. 
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Date 
1928 (MA) 
1940 
1962(PhD) 
1966 (undergrad) 
1973 (BSc) 
1974 (MSc) 
1974 (MA) 
1974 
1974 (BSc) 
1976 (Bsc) 
1976 (BSc) 
1976 (BSc) 
1976 (BSc) 
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1979 (BSc) 
1984 (MSc) 
1985 
1985 
1989 (BSc) 
1989 (PHD) 
1990 (HBEs) 
1991 
1991 (HBEs) 
1997 
1999 (BSc) 
2000 
2005 (MES) 
2005 
Study Focus 
Ecological Study of Sand dunes of Prince Edward County 
Report to Conservation and Reforestation Association on the 
geomorphology of the area 
Pleistocene Geology Trenton Cambellford Map area 
Study of the Sandbanks, Prince Edward County 
Reconstruction of geologic history of the Wellington baymouth 
barrier using sediment size distributions 
Nearshore morphology of sand beaches on the Great Lakes 
Land use history, landscape change and resource conflict in the 
Sandbanks Provincial Park area 
Report on blowing sand from the sand mining operation on West 
lake 
Impact of human activity and wind action on the landscape of the 
park 
Grain Size analysis of Sandbanks Beach 
Reconstruction of the development of the Presqu'ile tombolo 
Grain size analysis of different environments within the Sandbank 
Provincial Park 
Grain size distribution of sediments on the Outlet barrier and 
offshore environments 
Short examination of dune fields on the north shore of Lake 
Ontario (NRC council report) 
Seasonal Variation in Beach Sand at North Beach Provincial Park 
Quaternary geology of the region 
Coastal Engineering Investigation of the Navigation Channel at 
Wellington, Ontario 
Nearshore sediment analysis in Lake Ontario around the 
Presqu'ile Wellington area (OGS report) 
Seasonal changes in beach profile and shape 
Change in dune and barrier morphology over the past 1200 years 
Investigation into the impact of jetty placement on beach 
morphology and sediment distribution on the Wellington 
baymouth barrier 
Report to OMNR - Description of geology and geomorphology 
Preliminary beach management strategy for the East lake sector 
Effects of vegetation on sand distribution and accumulation at 
Presqu'ile Provincial Park 
Investigation into the use of vegetation to stabilize the bare sand 
areas within the park 
Outline of a program for monitoring the beaches and dunes a 
Sandbanks 
Sediment transport in Sandbanks Provincial Park 
Wellington Channel Sedimentation Study, Wellington Ontario 
Table 3.1 - Selected unpublished reports and theses related to the Prince Edward County coast 
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A second report by HCCL (2005) was also undertaken for the Town of Wellington 
and it evaluated coastal processes affecting the Lake Ontario entrance to the navigation 
channel. Longshore and cross shore transport in the vicinity of the navigation channel were 
modeled and an estimate provided of sediment transport. The result of the analysis was a two 
phase proposal for reducing frequency of maintenance dredging which included reducing 
aeolian transport off adjacent beaches, monitoring and an extension of the jetties to the length 
similar to that suggested by Baird (1985). Another report by done by Philpot Consulting 
(1987) on the navigation channel at Wellington was unavailable for review but anecdotal 
accounts noted there were some differences in its recommendations including the change 
from a set of parallel jetties to converging jetties. Personal communication with Quinte 
region conservation authority staff indicated another study had been completed by a coastal 
engineer for a private landowner south of North Beach Provincial Park related to an 
application for possible development of a coastal property but it too was unavailable for 
examination. 
3.2 - Coastal zone: Land 
3.2.1 - Ecozone 
Prince Edward County lies near the eastern end of the Ontario section of the 
Mixedwood plains, Ontario's southern most ecozone that covers the Windsor-Quebec City 
corridor along the lower Great Lakes - St. Lawrence River valley (Lavender et al, 1997; 
Smith et al, 1998; EC, 2005a; EC. 2005b; NRC, 2007; OMNR, 2008; Bernhardt, 2009). The 
plain is the smallest, most prosperous and populated ecozone in Canada with approximately 
half the Canadian population (AAFC, 1998; EC, 2005a; EC. 2005b; Bernhardt, 2009). The 
long history of human habitation in the ecozone has led to the alteration and degradation of 
natural ecosystems such that the region faces significant environmental problems such as air 
and water pollution, exotic species and habitat loss (OMNR, 2008; Bernhardt, 2009). 
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3.2.2 - Climate 
Prince Edward County (PEC) experiences a humid continental warm summer (Dfb) or 
a modified continental climate. The regional climate for the study area is one of warm 
summers and cool winters but with extremes during both seasons possible (Figure 3.2) 
(Phillips, 1990; Aguado and Burt, 2007; Ackerman and Knox, 2007; Christopherson and 
Byrne, 2009). The region experiences an average daily minimum temperature in January 
between -6 and -8°C but the mercury may drop to -39°C (NCDIA, 2008; NCDIA, 2009). 
Although the maximum temperature along the coast during July can peak at around 40°C, the 
average daily temperatures normally range between 20 - 22°C (Figure 3.2). Precipitation 
throughout the region is relatively predictable from year to year with generally uniform 
precipitation from month to month but with slightly drier periods during February and July 
(Phillips and McCulloch, 1972; Lapczak et al, 1979; Smith et al, 1998; NCDIA, 2008; 
NCDIA, 2009). 
Figure 3.2 - Canadian Climate Normals (1971 - 2000) for four of the closest stations surrounding the 
study area including Picton, Belleville, Cobourg and Trenton, Ontario (NCDIA, 2009) 
71 
The County is located in a zone of confluence for several major storm paths across 
North America as well as the convergence zone of warm, moist maritime air and cold dry 
continental air masses. The conflicting air masses in addition to the proximity and influence 
of the lakes combined with topography and land use diversity mean the region is prone to 
highly changeable and unpredictable weather (Phillips and McCulloch, 1972; DFO, 1986; 
AAFC, 1998; Phillips, 1990; Sanderson, 2004; Bernhardt, 2009). There is a seasonal 
variation to wind strength and direction across the Great Lakes region which reflects the 
passage of weather systems from west to east (DFO, 1986). Predominant wind direction in 
the region is from the west to southwest and can account for around half of the total 
observations with the strongest winds occurring during the winter and early spring (Phillips 
and McCulloch, 1972; Lapczak et al, 1979; Sanderson, 2004). 
3.2.3 - Geology 
Prince Edward County is an irregularly shaped peninsula that extends into the eastern 
part of Lake Ontario from its northern shore. The Paleozoic limestone bedrock of the County 
are generally exposed at the surface, creating a large limestone plain that has been modified 
by periods of glaciation (Kesik et al, 1990). The exposed bedrock throughout Prince Edward 
County belongs to the Middle Ordovician age Simcoe Group (Figure 3.3) and consists of 
bioclastic carbonates, limestones, carbonate mudstones along with calcareous and non-
calcareous shales (Liberty, 1963, 1969; Johnson et al, 1992; Armstrong and Dodge, 2007). Of 
the five formations in the Simcoe Group, the Linday formation outcrops extensively along the 
80 km of study area on the western coast of Prince Edward County (Liberty, 1969; Johnson et 
al, 1992; McFall, 1993). The formation consists of a generally grey to greenish-grey, fine-
grained, thin to medium bedded limestone with irregular shaley partings (McFall, 1993). 
Most locations are very fossiliferous and the rock generally weathers to a thin, rubbly, 
irregularly bedded limestone on vertical exposures such as road cuts and to loose greenish 
grey rubble on flat surfaces (Winder, 1966; Hessin, 1988; McFall, 1993; Armstrong and 
Dodge, 2007). 
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Figure 3.3 - Major Geologic units of Southern Ontario and Prince Edward County; (top) Prince Edward 
County located on Paleozoic Middle Ordovician bedrock (pink) of Southern Ontario (OMNR-LIO, 2009; 
ESRI, 2009); Detail of the area of the Upper (darker brown) and Lower (lighter brown) members of the 
Lindsay Formation in Prince Edward County (DCL, 2004) 
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Figure 3.4 - Generalized bedrock stratigraphy of Prince Edward County (McFall, 1993) 
Three major faults transect Prince Edward County, the Picton and Salmon River faults 
that trend north-northeast and the Hamilton-Presquile fault which trends east-northeast along 
with several smaller faults (McFall, 1993). Faults can be traced toward East Lake, Soup 
Harbour and Point Petre as well as into Long Reach to the northeast of Picton (Liberty, 1960; 
Martini and Kwong, 1985). The fault zones may be associated with the St. Lawrence fault 
zone that extends in a west-southwest direction to the western end of Lake Ontario (Mohajer, 
1993; Wallach, 2002) or the Clarendon-Linden fault zone in New York State (Martini and 
Kwong, 1985; Rutty and Cruden, 1993). Evidence of seismic stress release from the rocks in 
Prince Edward County is visible in the form of fractures, faults and pop-ups (McFall, 1993). 
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3.2.4 - Geomorphology 
Sculpted by several glacial episodes during the Quaternary, the Prince Edward County 
Region was last buried by ice during the Late Wisconsin when the ice sheet reached its 
maximum extent approximately 17 - 22 k BP when it covered 80% of Canada and all of 
Ontario. The ice sheet extended and oscillated as far south as 40°N, in the Midwest United 
States before beginning its final retreat north (Greggs and Gorman, 1976; Chapman and 
Putnam, 1984; Teller, 1987; Trenhaile, 1998; Barnett, 1992; Larson and Schaetzl, 200; Eyles, 
2002; OGS, 2003). Although modified by post glacial geomorphic processes, the surficial 
deposits and landscape of Prince Edward County generally reflect the ice dynamics during 
the last glacial advance and retreat (Chapman and Putnam, 1984; OGS, 2003). Ice flow over 
Prince Edward County during the late Wisconsin was from the east and northeast as the 
Ottawa-Ontario lobe was funneled and thickened as it flowed down the depression to the 
southwest (Gadd, 1980; Anderson and Lewis, 1985; Teller, 1987; Martini and Bowlby, 1991; 
Barnett, 1992; Calkin and Muller, 1992; Larson and Schaetzl, 2001; Kerr and Eyles, 2007). 
The tremendous amount of water freed from the retreating glaciers created a complex 
history of large glacial lakes within the basin that changed in areal extent and volume 
according to the height of the ice, elevation of the rock or sediment surface, the opening and 
closing of outlets which changed, opened and closed in response to glacial isostatic 
adjustment, outlet erosion or sedimentation as well as the shifting position of the ice front 
(Terasmae and Dreimanis, 1976; Teller, 1987; Kesik et al, 1990; Calkin and Muller, 1992; 
Chrzastowski and Thompson, 1992; Trenhaile, 1998). 
As early as 12 ka BP, the Ottawa- Ontario lobe began to withdraw from the western 
end of the Lake Ontario basin which allowed the development of a series of glacial lakes. 
Continuing recession allowed the growth of Lake Iroquois, a wide, deep, glacially dammed 
lake that, at its highest phase, stood much higher than the present Lake Ontario and would 
have completely submerged Prince Edward County. The opening of an outlet to the east 
allowed the lake to drain into the Mohawk-Hudson Valley system and the Atlantic Ocean 
(Karrow et al, 1961; Bird, 1980; Chapman & Putnam, 1984; Sly & Prior, 1984; Teller, 1987; 
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Martini & Bowlby, 1991; Calkin and Muller, 1992; Gilbert et al, 1992; Barnett, 1992; Kerr 
and Eyles, 2007). Although it probably only lasted several hundred years, Lake Iroquois 
created a prominent shoreline beach and bluff deposits around much of the Lake Ontario 
basin particularly through the Toronto-Trenton section of the north shore (Coleman, 1899; 
Bird, 1980; Karrow, 1984; Trenhaile, 1998; Kerr and Eyles, 2007). 
Withdrawal of ice from the northern slope of the Adirondacks and the St. Lawrence 
valley opened isostatically depressed outlets to the east that led to a relatively rapid decrease 
in Lake Iroquois water levels (Kesik et al, 1990; Gilbert et al, 1992; Gilbert & Shaw, 1992; 
Calkin and Muller, 1992). As the eastern outlets changed, the lake passed through several 
identifiable but short lived stages of decreasing water levels including the Frontenac, Sydney 
(124 m asl), Belleville-Sandy Creek (103 m asl) and Trenton-Skinner Creek (77 masl) stages 
before draining to the low water level of the Admiralty stage. Evidence of the lower lake 
levels in Prince Edward County is limited to some varved clay deposits, scattered beach 
deposits and water-created features along some cliffs (Coleman, 1936; Leyland, 1984). The 
isostatic depression of the St. Lawrence outlet resulted in a tremendous amount of water 
being released from the basin so that water levels fell to approximately 60-65 m below 
present water levels (Karrow et al, 1961; Karrow, 1984; Sly and Prior, 1984; Anderson and 
Lewis, 1985; Muller and Prest, 1985; Teller, 1987; Kesik et al, 1990; Gilbert and Shaw; 
1992; Coakley and Karrow, 1994; Trenhaile, 1998). With the severely drawn down water 
levels, the Prince Edward County coast would have been exposed well above water levels of 
the lake. 
The glaciated limestone plain of Prince Edward County is partly or wholly concealed 
under a thin veneer (< 75 cm) of Quaternary sediments over approximately half its area 
(Liberty, 1960, 1969; Chapman and Putnam, 1984; McFall, 1993). Apart from the limestone 
plain, there are a limited number of physiographic region in Prince Edward County (Figure 
3.6) (Chapman and Putnam, 1984). 
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Figure 3.5 - Generalized physiographic regions for the Prince Edward County Region 
(OMNR-LIO, 2009; ESRI, 2009) 
North of the Prince Edward County, the Peterborough drumlins lay approximately 30° 
west of south and were formed by northern ice extending down to the Trenton Moraine 
(Chapman and Putnam, 1984, Shaw and Gorrell, 1991). The Quinte drumlin field, a second 
group of drumlins on the Prince Edward County peninsula was formed by the Lake Ontario 
ice lobe at approximately 70° west of south (Liberty, 1960; Chapman and Putnam, 1984). 
Some of the Quinte drumlin field form islands in West Lake or are submerged in the shallow 
waters of Wellington Bay where they may act as a local source of sand sized sediment (Law, 
1991; Martini and Bowlby, 1991). 
3.2.5 - Surface Hydrology 
The Prince Edward County watershed lies within the larger regional Quinte Region 
Watershed which includes the Napanee, Moira, Trent and Salmon River systems that drain 
into the Bay of Quinte on the northern edge of the peninsula (DCL, 2004). The irregular size 
and shape of Prince Edward County means that no location on the peninsula is more than 8 
km from Lake Ontario. The relatively small watersheds, the largest of which is the Consecon 
(186 km2) and the smallest is the Cressy (4 km2), generally have small, intermittent streams 
that drain the interior of the peninsula with significant discharge only during periods of heavy 
precipitation (Richards and Morwick, 1948; Sutton et al, 1970; DCL, 2004). 
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The amount of sediment carried by the streams is unknown, but the lack of sediment 
on the limestone plain probably contributes little to the shoreline although small sediment 
bodies are associated with stream mouths along the shore which may represent deposition by 
the stream or filling of the stream mouth by littoral drift (Rukavina, 1970; St. Jacques and 
Rukavina, 1972; Rukavina, 1976). Along the western coast of the County, any sediment 
carried by the streams is deposited in the lakes behind the barrier bars, so it is unlikely that 
streams contribute any significant amount of sediment to the coast unless the bar is destroyed 
or breached (Sutton et al, 1970; St. Jacques and Rukavina, 1972; Rukavina, 1976). 
3.2.6 - Coastal Geomorphology 
The study area along the western shoreline of Prince Edward County stretches for 
approximately 90 km (Figure 3.7) and includes limestone cliffs and shore platforms, coarse 
grained gravel/cobble beaches as well as sandy barrier systems with dunes (St. Jacques and 
Rukavina, 1972; Kesik et al, 1990; Baker, 1993; Stewart, 2002). The present weathered and 
fractured appearance of the modern limestone bedrock likely developed due to wave action 
and freeze thaw processes over the last 4000 years when the water level has fluctuated around 
its current level (Gilbert and Shaw, 1992). Erosion rates for the limestone bedrock bluffs is 
from sites on the Presqu'ile peninsula and in Prince Edward County is estimated at O.lm/year 
or lower (Boyd, 1981). Nicholson Island - Huyck's Point represents an offset position that 
separates the western shoreline into a northern and southern section (Figure 3.7). To the 
north of Huyck's Point, three small embayments, North Bay, Pleasant Bay and Huyck's Bay 
are separated from Lake Ontario by sand and gravel barrier systems (Coleman, 1936). South 
of Huyck's Point (Figure 3.7) the predominantly sandy barrier systems of Wellington and 
Athol Bay join large bedrock headlands of West Point and Salmon Point (St. Jacques and 
Rukavina, 1972; Trenhaile, 1990). Shoreline modification and protection structures along the 
western coast of Prince Edward County are limited to short reaches in the vicinity of the 
Presqu'ile Peninsula, near the town of Wellington and at Weller's Bay (Baker, 1993; Stewart, 
2002). 
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3.3 - Coastal Zone: Lake Ontario 
3.3.1 - Great Lakes - Lake Ontario 
The Great Lakes span a distance of about 1200 km from west to east with a shoreline 
of approximately 18 000 km, representing Canada's fourth coast in the middle of the 
continent (Fuller et al, 1995; MSG, 2008). The last and most easterly of the Great Lakes is 
Lake Ontario which also has the smallest surface area of the lakes at approximately 19 000 
km2 (Fuller et al, 1995; GLIN, 2008). Ontario is the fourth deepest of the lakes with respect 
to maximum depth at 244 m but its average depth is second only to Lake Superior at 86 m 
(Rukavina and Boyce, 1988; Fuller et al, 1995; GLIN, 2008). Lake level is maintained near 
74 m by control structures at Cornwall, Ontario on the St. Lawrence River, the outlet for lake 
waters (Thomas et al, 1972; Bird and Swartz, 1985; Rukavina and Boyce, 1988). 
3.3.2 - Bathymetry 
The nearshore zone in Lake Ontario (0-20 m) encircles the lake in a band that ranges 
in width from 3 - 7 km and accounts for approximately 15% of the lake's total area 
(Rukavina, 1969; Sutton et al, 1970; St. Jacques and Rukavina, 1972; Rukavina, 1976; 
Rukavina, 1999). Thin deposits of glacial sediment and bedrock have the most extensive 
exposures within the nearshore zone while there are smaller localized exposures of sand and 
gravel and boulder pavement (Lewis and McNeely, 1967; Rukavina, 1969; Coakley, 1970; 
Sutton et al, 1970; Thomas et al, 1972; Rukavina, 1976; NOAA, 2001). The offshore and 
nearshore bathymetry of the study area includes bathymetric highs associated with the 
bedrock headlands along the shore. Submarine topography including the Scotch Bonnet, 
Point Petre, and Salmon point ridges as well as bathymetric highs near the Presqu'ile 
peninsula extend to the southwest away from Prince Edward County and divide the nearshore 
and offshore zones (Sutton et al, 1970; Holcombe et al, 2001; NOAA, 2001). Within 5 km of 
the western shoreline of Prince Edward County, water depths are generally 20 m although to 
the south of Point Petre it drops to more than 40 m (Figure 3.9). In addition to regions of 
complex bathymetry along the shore of the County, there are also very uniform parallel 
isobaths along large reaches of the coast to the shore that generally are associated with barrier 
systems. 
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3.3.3 - Lake Level 
Water levels in Lake Ontario fluctuate over several different time scales as a result of 
the interplay of natural factors such as total precipitation over the lake, amount of runoff 
within the drainage basin from precipitation over land, evaporation from the lake surface, as 
well as the inflow from the Upper Lakes and outflow to the St. Lawrence over varying time 
scales. Long term lake-level change often is associated with glacioisostatic adjustment, while 
long and short term changes in net basin supply are related to variations in precipitation and 
evaporation. (Keddy and Reznicek, 1986; Quinn, 2002; DFO, 2007; EC, 2008; GLERL, 
2009). 
Since the end of the last glaciation, glacial lakes in the Lake Ontario basin fluctuated 
in response to glacial isostatic adjustment and opening and closing outlets (Figure 3.11a). 
Water levels in the basin have also fluctuated on a interannual and decadal scale throughout 
the historic period (1918 - 2009) within a relatively small range of water levels (~ 2 m) 
between the maximum and minimum monthly means but with no identifiable trends (Figure 
3.1 lb) (Herdendorf, 1990; Coakley and Karrow, 1994; Eyles, 2002; Lofgren et al, 2002; 
Quinn, 2002). Lake Ontario water levels also fluctuate on a seasonal cycle of approximately 
60 cm (Figure 3.1 lc), change associated with the seasonal changes in the hydrologic cycle 
(Herdendorf, 1990; Coakley and Karrow, 1994; Meadows et al, 1997; Lenters, 2001; Eyles, 
2002; Lofgren et al, 2002; Quinn, 2002; DFO, 2005b; DFO, 2007; EC, 2008). Storm surges 
or seiches also represent short term changes in water level that occur over a period of hours or 
days and result from changing meteorological conditions such as winds and atmospheric 
pressure (Herdendorf, 1990; DFO, 2007; GLIN, 2007; EC, 2008). 
In addition to natural variability of global and regional climate, human activities 
including harbour dredging, coastal reclamation & fill operations, consumptive use, lake level 
regulation as well as diversions into and out of the basin moderates the seasonal and year to 
year range of variability (Lenters, 2001; Eyles, 2002; Lofgren et al, 2002; Quinn, 2002; 
Craigie et al, 2003; DFO, 2005; EC, 2008; IJC, 2008). 
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Relative water level 
„ Eastern Ontario 
basin outlets 
TIME 3.11a 
S 74.00 
/" 4? #- ^ 4? 4? 4P 4? <? 4? 4* 6* J 4* 4* 4?
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' ' 3.11b -Lake Ontario Mean Water Level • • IGLD 1985 Chart Datum (74.2) 
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— ^ Long Term Maximum Lake Level - - - • Long Term tvtnimum Lake Level - -Long Term Average Lake Level 
Figure 3.8 Fluctuations of water levels in the Lake Ontario basin: 3.11a) (Top) Fluctuations 
related to glacial isostatic adjustment from a high stand at Lake Iroquois (A-B) to the low stand during 
the Admiralty stage and Early Lake Ontario (Duck Gallo phase) (C-D) through to a peak during the 
Nipissing flood stage (F). Water levels then subsided before a gradual rise over the last 3500 years to 
present levels (H); 3.11b (Centre) - Historic lake level variation since 1918 around a mean of 74.2 m; 
3.11c (Bottom) Average annual variation in lake level showing maximum, mean and low range (Muller 
and Prest, 1985; USACEDD, 2005) 
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3.3.4 - Lake Bottom Sediments 
Sand and silt are minor surface units in the nearshore zone lake wide, but there are 
several major nearshore well sorted surface sand deposits around the lake (Thomas et al, 
1972). The pattern of sediment transport along the north and south shore of Lake Ontario is 
from west to east under the prevailing westerly winds (Rukavina, 1970; Sutton et al, 1970; 
Sutton et al, 1974; Rukavina, 1976; Pickett and Dossett, 1979). Sediment transport has 
produced accumulations of sand sized sediment near the ends of the basin as well as at 
locations where the sediment is intercepted by bathymetric traps or a change in the trend of 
the shoreline (Rukavina, 1976). On the Canadian side of the lake, these locations include the 
mouth of the Niagara River, the Hamilton/Burlington bar, the Toronto islands and the 
Presqu'ile - Wellington area (Figure 3.12) (Coakley, 1970; Sutton et al, 1970; Thomas et al, 
1972; Sutton et al, 1974; Rukavina, 1976; Martini and Kwong, 1985; Stewart, 2002). Glacial 
deposits in coastal bluffs or on nearshore lake bed are considered to be the primary source of 
sediment input to the nearshore zone (Thomas et al, 1972; Sutton et al, 1974; Rukavina, 1976; 
Pethick, 1984; Masselink and Hughes, 2003). 
Along the study coast three general bottom types are recognized within the nearshore 
zone (Figure 3.13). Glacial sediments and lag deposits cover a portion of the lake bed to the 
southwest of the Presqu'ile peninsula with exposed bedrock increasing in a southeasterly 
direction towards Point Petre (Rukavina, 1970; St. Jacques and Rukavina, 1972; Martini and 
Kwong, 1985). There are several instances where the bedrock forms southwest trending 
ridges that extend through the nearshore area and form islands or shoals (Martini and Kwong, 
1985). Sand deposits are located adjacent to the Presqu'ile peninsula as well as in Wellington 
and Athol Bays (Rukavina, 1970; St. Jacques and Rukavina, 1972; Martini and Kwong, 
1985). The Presqu'ile deposit may be 10-25 m thick approaching the tombolo while the 
accumulation to the east in Weller's Bay the sand is approximately 6 m thick in the 
nearshore. In front of the large barrier in Wellington Bay the sand forms a wedge with 
maximum thicknesses between 5-12 m adjacent to the bar while in Athol Bay it is about 14 m 
(St. Jacques and Rukavina, 1972; Martini and Kwong, 1985). 
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Figure 3.9 - Nearshore zone sediments of Lake Ontario: generally the nearshore zone is composed of 
extensive exposures of glacial sediment and bedrock as well as smaller areas of post glacial deposition 
which appear as reworked deposits on submerged moraines or littoral drift deposits; black arrows 
indicate generalized longshore transport directions (Lewis and McNeely, 1967; Rukavina, 1976) 
(Modified from: Rukavina, 1976) 
Figure 3.10- Nearshore sediments Prince Edward County 
(Modified from Reidners, 1988) 
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Prevailing westerly winds generate easterly longshore transport toward the study area 
along the north shore of Lake Ontario (Rukavina, 1976). Longshore sediment transport has 
been cited to explain the sandy deposit in the Presqu'ile -Wellington area but it is not the 
only potential source for the nearshore sand bodies (Martini and Kwong, 1985). Sediment 
may also be generated locally through submarine erosion of the glacial sediment on the lake 
bed but bluff erosion and stream discharge are not considered to represent significant sources 
of nearshore sediment (Coakley, 1970; Rukavina, 1970; St. Jacques and Rukavina, 1972; 
Martini and Kwong, 1985). However, despite some sediment bypassing the Presqu'ile 
peninsula to be deposited in Weller's Bay, sediment transport probably occurs as local 
circulation cells within the individual embayments and not as a long distance system from the 
Presqu'ile area to Athol bay (Martini and Kwong, 1985). The existing delineation of littoral 
cells along the Coast of Prince Edward County includes five cells between the Presqu'ile 
region and Salmon Point, after which a non-drift zone is identified along the southern shore 
of the county (Figure 3.14) (Reinders, 1988). 
Figure 3.11- Littoral cells along the western shoreline of Prince Edward County 
(Modified from Reidners, 1988) 
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3.3.4 - Lake Circulation 
Long term circulation in Lake Ontario is driven by atmospheric conditions, primarily 
by wind stress in addition to thermal stratification and when combined with the bathymetry, 
basin geometry and the coriolis force produces a complex circulation pattern (Emery and 
Csandy, 1973; Bennett and Lindstrom, 1977; Boyce et al, 1989; Beletsky et al, 1999; DFO, 
2005). Mean annual circulation in Lake Ontario normally consists of two distinct flow 
components, a swifter, wind driven and generally warmer flow along the coast and a larger 
long term, cyclonic gyre in the deeper, central lake environment (Emery and Csandy, 1973; 
Csandy, 1977; Simons, 1985; Simons et al, 1985; Boyce et al, 1989; Herdendorf, 1990; 
Boyce et al, 1991; Murthy, 1996; Beletsky et al, 1999; Rao and Murthy, 2001; DFO, 2005). 
The large scale central gyre in the deep water of the central basin represents the compensating 
return flow which primarily balances the strong easterly flow along the southern coast 
(Simons et al, 1985; Boyce et al, 1989; Murthy, 1996; Shen et al, 1995; DFO, 2005). Winter 
circulation is driven by stronger winds which create a more pronounced circulation pattern 
than during the summer, particularly in the coastal areas because the homogenous 
temperature conditions of the lake allow the energy from the winds to penetrate deeper into 
the water column (Pickett, 1977; Beletsky et al, 1999; Rao and Murthy, 2001; DFO, 2005). 
Weaker summer winds, surface heat flux driven circulation and stratification produce a more 
complex pattern of water movement that generally consists of a single gyre but given the 
strength of the winter circulation, mean annual circulation in the lake (Figure 3.14) typically 
resembles the two gyre winter pattern (Huang and Sloss, 1981; Beletsky et al, 1999). 
Figure 3.12 - Annual circulation in Lake Ontario (50 m isobaths) (Beletsky, et al, 1999) 
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3.3.5 - Waves 
With the predominantly westerly winds over Lake Ontario, wave energy generally 
increases from west to east along the approximately 210 km fetch approaching the shoreline 
of the study area (Baker, 1993; DFO, 2007). Wave heights in Lake Ontario exhibit a seasonal 
variation such that during the winter, waves are larger than 1 m 60% of the time with isolated 
instances of waves of 3 - 6 m in height, while waves in excess of 1 m during the summer 
only occur approximately 25% of the time with rare examples of 2 - 4 m waves (Baker, 
1993). 
There are no locations for wave measurement along the study area but a deep water 
wave buoy maintained by National Data Buoy Center (National Oceanic and Atmospheric 
Administration) approximately 35 km southwest of Point Petre provides real time data on 
lake conditions with a limited historic data (2002) during the ice free period. Predominant 
wave direction is from the west with secondary peaks from the southwest, north and northeast 
(Figure 3.17). 
Lake Ontario Buoy 45012 - Hourly Wave height July - October (2002 2008) 
Figure 3.13 - Hourly wave height rose for Lake Ontario Buoy 45012 
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Wave hindcast data (1961 - 2000) is also available for the coast of PEC from the most 
recent hindcast undertaken for the International Joint Commission study of Lake Ontario 
water levels (Scott et al, 2004). The closest hindcast station location (#175) to the deep water 
buoy location does show the predominant west and southwesterly wave approach recorded by 
the buoy (Figure 3.18). 
Figure 3.14 - Hindcast Station 175: Wave Rose (1961 - 2000 - closest station to Buoy 45012 current 
location 
(Image Source: http://www.frf.usace.army.mil/cgi-bin/wis/ont/ont main.html) 
3.3.6 - Ice 
The small area and deep waters of Lake Ontario create a large heat storage capacity 
and combined with the mild regional climate as well as wind and water movement, the 
potential for the lake to freeze over completely during the winter for any extended period of 
time is low (Phillips and McCulloch, 1972; Saulesleja, 1986; Irbe, 1992; Assel et al, 2003). 
Ice cover on Lake Ontario is generally confined to the eastern reaches of the basin (Figure 
3.20) and along the western shore of Prince Edward County due to westerly winds and 
surface currents (Martini and Kwong, 1985; Saulesleja, 1986; Barnes et al, 1993; Barnes et al, 
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1994; Assesl et al, 2004). Seasonal ice can affect the shoreline for for 2-5 months and can 
display a wide variety of cold coast phenomena such as ice push, ice pile up, sediment 
transport and debris rafting (Evenson and Conn, 1979; Gilbert, 1991; Gilbert, 1991b; Dionne, 
1992; Byrne and Dionne, 2002; NCDIA, 2008). 
REGIONAL ICE ANALYSIS 
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Figure 3.15 - Eastern ice accumulation - example map from February 2004 showing ice accumulation on 
Lake Ontario along the eastern reaches of the basin including the western shore of Prince Edward 
County (EC, 2006) 
A nearshore ice complex (NIC) begins to develop in the shallow nearshore waters in 
December and January (O'-Hara et al, 1972; Evenson and Cohn, 1979; Miner and Powell, 
1991). The NIC can extend offshore from the shoreline for several tens of metres towards a 
water depth of 20m while reaching a thickness of several metres (Martini and Kwong, 1985; 
Saulesleja, 1986; Barnes et al, 1994; CIS, 2004). Ice coverage on the lake usually reaches its 
maximum extent by late February with break up occurring by late March or early April 
(Saulesleja, 1986; Martini and Kwong, 1985; Gilbert, 1991; Barnes et al, 1994; CIS, 2004). 
The presence and duration of the NIC influences shoreline morphology, lake bed topography, 
erosion rates as well as sediment transport and the redistribution of wave energy within the 
nearshore zone (O'Hara et al, 1972; John and Sugden, 1975; Evenson and Cohn, 1979; 
Martini and Kwong, 1985; Miner and Powell, 1991; Barnes et al, 1993; Barnes et al, 1994). 
Floating brash and slush ice in the offshore and outer nearshore zone also act to dampen wave 
energy as it approaches the coast (Wadhams et al, 1986; Wadhams et al, 1988; Irbe, 1992). 
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3.4 - Human Landscape 
3.4.1 - Historic 
Prince Edward County is believed to have been occupied by the peoples of North 
America during the Archaic period, 7000 - 3000 years ago. Evidence for the Laurentian 
culture, a nomadic people that lived in Southern Ontario includes polished slate weapons and 
tools (PEHS, 1976; Williamson and Roberts, 2004; Roberts, 2006). Archaeological evidence 
also exists for the Point Peninsula culture as well as Algonquin and Iroquoian speaking 
people between 3000 years ago and the time of European contact (PEHS, 1976; Williamson 
and Roberts, 2004; Roberts, 2006; OAS, 2008). The earliest known European arrival in the 
County was Samuel de Champlain in 1615 as he searched for a route to the orient (PEHS, 
1976). European presence in the area was however minimal until after the War of 
Independence in the United States when thousands of Loyalists fled north to British North 
America between 1775 -1783. Approximately one thousand Loyalists settled in Prince 
Edward County (PEHS, 1976; Mika and Mika, 1980; Hudson, 1982). 
3.4.2 - Prince Edward County 
Despite the long history of human occupation and development in Prince Edward 
County the shoreline is still in a relatively natural condition as there are only a limited 
number of shoreline protection features compared to other shorelines of the lake (Stewart, 
2002). Approximately 40% of the shoreline in the study area is protected within the Weller's 
Bay National Wildlife Area as well as Sandbanks, North Beach and Presqu'ile Provincial 
Parks (Figure 3.22). The Towns of Brighton and Wellington represent the only sections of 
the study region that are true urban areas while permanent residential, seasonal housing or 
agriculture cover the remaining lake front (Stewart, 2002). 
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Figure 3.16 - Protected areas on the Western shore of Prince Edward County (OMNR-LIO, 2009; ESRI, 
2009) 
Although stalled for an extended period of time, the economic development of Prince 
Edward County has experienced a revitalization recently focused around a 'creative rural 
economy' that includes agriculture, tourism, local and regional arts and culture as well as a 
growing wine and culinary tourism industry resulting in significant investment in the region 
(Donald et al, 2008; CPEC, 2009b, 2009d, 2009e, 2009f). The revitalization of the regional 
economy has resulted in an increase in the real estate market with waterfront properties 
commanding peak prices as well as a 6.7% increase in population since 1991 to just over 25 
000 people (OMMAH, 2006; StatsCan, 2006; Avery, 2008; StatsCan, 2009) 
Shorelines along the western shore of PEC have already been largely developed with 
permanent residential as well as summer homes and cottages (Figure 3.24). As the popularity 
of the County as a tourist and permanent destination has grown recently there has been the 
development of former agricultural land or redevelopment of smaller cottages and homes into 
larger dwellings. A certain proportion of the development and /or redevelopment in Prince 
Edward County are occurring on coastal properties which increases the potential for increased 
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use, pollution and development along the shoreline including the installation of shoreline 
protection or docking facilities. 
3.5 - Potential Threats to the Prince Edward County shoreline 
Coastlines around the globe are threatened by a variety of factors including the growth 
of coastal populations, resource exploitation, increased storm frequency and intensity, 
construction/expansion of infrastructure and pollution (Field and Mortsch, 2007; Haslett, 
2008). The western shoreline of Prince Edward County is a beautiful and diverse collection 
of environments and it is promoted as such in the marketing literature of the region, but it too 
faces similar coastal threats. 
The threat to this varied environment is not from development of the coast as the 
regional shoreline has been developed to varying degrees for the better part of the region's 
history as cottages or permanent homes. The potential threat lies with the redevelopment of 
these homes and cottages on the existing properties and an increase in the footprint of the 
home or the development of a completely new and larger home. The redevelopment of the 
property in either scenario produces a more valuable property and with that increased value 
and investment there may be a desire to add or increase the amount of shore protection. The 
addition or enhancement of shore protection in order to protect the newly redeveloped homes 
and properties from changing water levels and storm conditions may produce undesirable 
changes in the nearshore zone. Another possible impact of changes in coastal development 
may include elevated levels of nutrients in the nearshore from larger septic fields or an 
increased number of them built in the thin overburden of the regional bedrock or from 
increased run off from the manicured and fertilized lawns and gardens. 
The County is in a difficult position of trying to balance attempts to maximize benefits 
of economic growth it is now experiencing for the region while at the same time not losing 
the driving factors that spurred and encouraged the growth in the first place particularly with 
regard to the beautiful and diverse coastline. 
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3.6 - Summary 
This chapter has provided a summary of the characteristics of the environment along 
the western shore of Prince Edward County including the terrestrial and lacustrine 
environments and provides the context in which this research on nearshore wave climate will 
take place. The western shore of the County has a long history of human occupation but the 
coast is also a relatively intact ecosystem. The indented bedrock coastline with the adjoining 
sandy barrier bars create a unique region in which to test the methods of this research. 
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Chapter 4 - Research Methodology 
This chapter outlines the methods utilized during the period of research along the 
western shore of Prince Edward County. The coast was classified based on field work and 
remotely sensed data and then assigned an exposure value based on fetch distances which also 
allow an estimate to be made for wave base along the coast. The computer model STWAVE 
was then used to generate a number of wave simulations based on available bathymetric data 
and the most recent hindcast of deepwater wave conditions for the Prince Edward County 
shoreline. Results of the model simulations, wave heights and angle, were then utilized to 
estimate littoral transport for selected reaches of the shoreline. 
4.1 - Field and Laboratory procedures 
4.1.1 - Coastal Classification 
Field work undertaken for this research project was conducted throughout the year and 
was dictated by time, distance and access constraints. Numerous trips were made to the western 
shore of Prince Edward County to investigate the nature of the various coastal environments 
and to develop a broad coastal classification. Large sections of the coast were examined on 
foot and hundreds of oblique angle digital images were taken to document the different 
environments along the County shoreline during the present study. The images collected during 
the field work represent temporal 'snapshots' of the shoreline and may or may not be 
representative of long term conditions. 
To complement the onsite research, maps and remotely sensed data were gathered from 
a variety of sources in order to help understand the pattern of environments along the coast as 
well as features produced through littoral transport. It must be noted that not all reaches of the 
Prince Edward County shoreline have similar coverage with regard to remotely sensed 
imagery. Air photos were obtained for sections of the coast from the University of Waterloo's 
Map library and the collection at Sandbanks Provincial Park. Orthoimagery and Quickbird 
satellite imagery were also collected for different sections of the Prince Edward County coast 
from Land Information Ontario (LIO) (J.D. Barnes Limited) and Queens University. Historic 
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maps from the National Archives in Ottawa, McMaster University and the Prince Edward 
County Archives as well as more recent maps from the University of Waterloo and Wilfrid 
Lauder's Map Libraries were also utilized in developing the broad classification system for the 
coast. The collected imagery of the PEC shoreline was not taken during the period of this 
research but instead represents snapshots of time over the century. At this time scale the visible 
features along the coast represent coastal evolution over a longer period of time that is useful 
for interpreting shoreline change. Photographs from the field work in conjunction with the 
collected imagery and maps also contained examples of coastal features that may be useful in 
determining a direction of littoral transport for reaches of the coast. 
The classification of the coast through on site observation and through the assessment 
of remotely sensed imagery also allowed for the identification of geomorphic features or 
geoindicators along the coast that could be used to determine local patterns and variation in the 
long term direction of littoral transport. Given the assumptions and degree of error associated 
with modeling a complex natural system such as the coastline, the systematic use of 
geoindicators offers a method by which the model results can be compared to field evidence to 
determine if there are any correlations. The use of the two types of evidence can then be used 
to provide an explanation of the long-term littoral drift direction. Where there is a limited 
amount of sediment on the shoreline the interpretation of the conditions using these types of 
indicators can be more difficult than those regions where there is an abundance of sediment. 
4.1.2 - Sediment collection and analysis 
During the onsite investigation of the coastline, numerous sediment samples were 
collected to provide a general description for the sediment in different environments along the 
shore. Sediment sampling sites were determined on the basis of accessibility but the sites 
sampled are believed to be representative of the sediment accumulation on the coast between 
the limestone bedrock headlands. All of the sandy barrier bars were sampled except Weller's 
Bay which is off limits to the public due to unexploded ordinance. The sediment sampling was 
not intended to be a comprehensive assessment of the region but rather to provide a broad 
picture of the sediment types located within the sink environments between the headlands. 
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Approximately 70 surface sediment samples were collected from various publicly 
accessible locations within the coastal zone including nearshore and onshore areas (Figure 4.1). 
The samples were generally all collected within a 14 day period during August, except for the 
offshore samples which were sampled on a single day in September. Samples were collected 
using a small 284 ml sampler which was used to obtain surface samples from the representative 
environments throughout the year. In addition to the surface samples, a grab sampler was also 
used to gather a limited number of nearshore sediment samples (12) in water depths less than 
10 m during a single sampling trip made with a local fishing guide. All sampling positions 
were marked with a hand held Global Positioning System (GPS) and the coordinates recorded 
later in a spreadsheet. The collected sediment was bagged and returned to the Wilfrid Laurier 
University geomorphology laboratory for processing and analyses. The field samples were 
oven dried over a period of twenty four hours (24 hrs) at 80°C after which the total mass of the 
sample was determined with an electronic balance. The total dry sediment was then 
mechanically split to get a representative 200 g sample. 
Figure 4.1 - General sediment sampling locations - 'S ' : shoreline sample; 'N': nearshore sample; 'O ' : 
offshore sample 
Grain size analysis was performed by dry sieving using the standard techniques as 
described and outlined by Folk (1968; 1974). Sediment samples were dry sieved through a 
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series of 12 progressively fining brass sieves between +1.5 phi ((p) and +4.0 phi (q>) on a rotary 
tapping (Rotap) sieve to determine a weight value per sieve class which represented the amount 
of sediment in each sieve. The weight of the sample retained in each sieve was then weighed on 
an electronic balance and recorded on data sheets before entry into a spreadsheet. The dry 
sieving technique was chosen as early analysis indicated very little fine grained material in the 
dried sediment so that wet sieving or pipette analysis would not be required and the small 
amount of sediment remaining in the pan was not analyzed further. The sediment data were 
then input into the GRADISTAT computer program which analyzed the data and generated a 
standard output including a sediment description and statistical parameters (Blott and Pye, 
2001; De Falco et al, 2003; Blott and Pye, 2004; Cook et al, 2007). The samples are classified 
in GRADISTAT according to a modified Udden-Wentworth scale (Table 4.1). The generated 
statistics include a grain size distribution as well as the mean, sorting, skewness and kurtosis 
using the Folk and Ward method as well as the Method of Moments (Figure 4.2). 
G rain Siz e 
phi mm. 
D escriptive term 
-10 
-9 
1024 
512 
256 
12S 
64 
32 
16 
8 
4 
2 
1 
microns 
500 
250 
125 
63 
31 
16 
Very Large 
Large 
V ery coar se 
V eryfine 
Clay 
> Boulder 
V eryfine 
V ery coar se 
Table 4.1 -GRADISTAT grain size scale - modified from Udden (1914) and Wentworth (1922) (Blott, 2000) 
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SIEVING ERROR: 0.2% S A M P L E STAT IST ICS 
SAMPLE IDENTITY: OFS#5 ANALYST & DATE: , 
SAMPLE TYPE: Unimodal, Well Sorted TEXTURAL GROUP: Sand 
SEDIMENT NAME: Well Sorted Very Fine Sand 
MODE1: 
MODE 2: 
MODE 3: 
Di0: 
MEDIAN or D50: 
D90: 
(D90/D10): 
(D90-D10): 
(D75 / D25): 
(D75 - D26): 
t,m ^ GRAIN SIZE DISTRIBUTION 
115.5 3.119 GRAVEL: 0.0% COARSE SAND: 0.0% 
SAND: 97.9% MEDIUM SAND: 4.3% 
MUD: 2.1% FINE SAND: 35.3% 
81.38 2.309 V FINE SAND: 58.3% 
118.5 3.078 V COARSE GRAVEL: 0.0% V COARSE SILT: 0.3% 
201.8 3.619 COARSE GRAVEL: 0.0% COARSE SILT: 0.3% 
2.480 1.568 MEDIUM GRAVEL: 0.0% MEDIUM SILT: 0.3% 
120.5 1.310 FINE GRAVEL: 0.0% FINE SILT: 0.3% 
1.434 1.187 V FINE GRAVEL: 0.0% V FINE SILT: 0.3% 
44.10 0.520 V COARSE SAND: 0.0% CLAY: 0.3% 
MEAN (3c): 
SORTING ($): 
SKEWNESS (Sk): 
KURTOSIS (AT): 
METHOD OF MOMENTS FOLK & WARD METHOD 
Arithmetic Geometric Logarithmic 
t,m ^m \ 
132.4 118.7 3.075 
56.43 1.681 0.749 
2.112 -2.638 2.638 
10.11 16.64 16.64 
Geometric Logarithmic Description 
^m \ 
122.8 3.025 Very Fine Sand 
1.409 0.495 Well Sorted 
0.174 -0.174 Coarse Skewed 
1.391 1.391 Leptokurtic 
GRAIN SIZE DISTRIBUTION 
5.0 3.0 1.0 
Particle Diameter (<j>) 
-1.0 -3.0 -5.0 -7.0 
35.0 
30.0 4 
25.0 
r 20.0 
.c 
D) 
I 
w 15.0 
10.0 4 
5.0 
0.0 Di=. 
100 1000 10000 
Particle Diameter (|im) 
100000 
ure 4.2 - Sample output from GRADISTAT showing an offshore sediment sample from 7 m water depth 
4.2 - Fetch and Exposure 
4.2.1 - Effective Fetch 
For the Prince Edward County coast, eighteen positions were identified and the 
effective fetch calculated following the methods of Hakanson and Jansson (1983) and Gilbert 
(1999). The locations selected are in the centre of bays along the coast, at positions that relate 
to wave hindcast stations or at locations that were determined to cover gaps between the other 
two location selections (Figure 4.3). 
Figure 4.3 - Offshore measurement locations for effective fetch along the Coast of PEC; compass rose 
image bottom left was used for measurement of angle in ArcMap 
At each selected location direct fetch measurements in kilometers were made using 
Arcview GIS along radials every 6° to the opposite shoreline. A transparent image of a 
compass rose was imported into the GIS which indicated 360° of radials so that measurements 
were made entirely around the compass from UTM grid north. The distance to the nearest 
shoreline along each radial was determined to the nearest 100m. The measurement of fetch 
distances at every 6° spacing meant that the measurements were evenly distributed within a 
sector of 42° (+1-6, 12, 18, 24, 30, 36, and 42) from the central radian for each effective fetch 
calculation. The measurements (XJ) along each angle (yO were then input into the equation for 
effective fetch (Equation 1) built in the excel spreadsheet program. The calculation of effective 
fetch along the coast of Prince Edward County allows an estimate to be made of the wave base 
along the coast for certain idealized conditions as well as the exposure of the coastline. 
In addition to the 18 offshore positions, another 20 locations were selected at 
representative positions on the coast for additional effective fetch measurements from which an 
exposure value could be determined (Figure 4.4). The shore locations were chosen to represent 
the mid-point of a barrier bar or short reach of shoreline as well as several headland locations. 
From each of these secondary positions along the perimeter of the county, direct fetch was 
determined at every 22.5° instead of every 6° so that effective fetch could be determined for 
each of 16 compass bearings (Keddy, 1982, 1984; Cattaneo, 1990). By using the 22.5° 
measurement spacing the effective fetch calculation could be combined with regional wind data 
(16 compass bearings) to provide an estimate of the relative degree of wave exposure following 
Keddy (1982, 1984) for the total effect of waves along sections of the Prince Edward County 
coastline. The calculation of the effective fetch is similar to the original equation except that 
the effective fetch distance is based on fewer radial measurements. Keddy (1982, 1983, 1984) 
and Weisner (1987) showed that this method can be used to rank sites along the shore with 
respect to wave exposure. 
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Figure 4.4 - Coastal measurement locations for effective fetch along the Coast of PEC; compass rose image 
bottom left was used for measurement 
4.2.2 - Wave Base 
The depth of the wave mixed layer or wave base was estimated using standard 
equations and values determined from effective fetch measurements. Generally, wave base is 
the critical depth to which waves of a given size are able to erode and transport sediment so 
that the wave base depth separates the regions of sediment transport on the lake bottom from 
areas where there is no movement or zones of accumulation (Sly, 1978; Hakanson and Jansson, 
1983; Douglas and Rippey, 2000). The wave base is generally taken to occur at approximately 
half of the wavelength as this represents the depth where the wave energy in the orbital motion 
of the water column is still sufficient to exceed the critical shear stress of the sediment surface 
(Smith and Sinclair, 1972). However this limit has been noted to be to restrictive in its 
determination of wave base and a limit of one quarter the wavelength is suggested (Komar, 
1998). The relationship between wave energy along the coast and within the nearshore zone is 
a complex interaction of wave characteristics, nearshore bathymetry and nearshore sediment 
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characteristics. Wave base however offers a simple but effective method with a reasonable 
agreement with measured wave base (Gilbert, 1999). 
If the wind over the lake is assumed to be constant for an unspecified duration of time 
then the significant wave height and wave period along the PEC coast can be estimated using 
the following equations: 
gH/w2 = 0.0026(g Fe / w2 )047 
Equation 11 
Equation 12 
gT/w = 0.46 ( g Fe / w2 )028 
where w is wind speed (m/s) measured at 8m above the lake surface, Fe is the effective fetch 
measured in metres (m), g is the acceleration due to gravity (9.8 m/s2) (Cyr, 1998; Gilbert, 
1999). The measurement value used for fetch may also be the mean fetch or direct fetch from 
the shore location under consideration and in this example the offshore measurement locations 
were utilized. 
Using the estimated wave period value, wavelength was calculated using the equation: 
Equation 13 
L0=1.56T2 
(Smith and Sinclair, 1972) 
From which the wave base can be estimated using: 
B = 0.25 L Equation 14 
With the estimate of wave base for selected wind velocities, the portion of the nearshore 
lake bed affected by reworking by waves can be determined and mapped (Gilbert, 1999; 
Hartling and Gilbert, 2000). 
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4.2.3 - Wave Exposure 
Wave exposure values were calculated using the mean wind speed determined from 
climate data recorded in the region and following the methodology of Keddy (1984). Wind 
data for this study were downloaded from National Climate Data and Information Archive at 
Environment Canada because there were no in-situ wind measurements made during this 
research study (NCDIA, 2009). Trenton, Cobourg and Point Petre Ontario were selected to 
represent the wind conditions along the Prince Edward County coastline as these stations 
contained records with the necessary wind speed and direction data. Climate data were also 
obtained from the NOAA National Buoy Data Center (NBDC) for a buoy (Station 45012) 
moored in Lake Ontario northeast of Rochester, New York (NBDC, 2009). The wind data 
from the land stations and buoy were examined annually as well as during the ice free season 
(May - October). For the determination of wave exposure along the coast, only the wind data 
from Point Petre was used as it was determined to be the most representative of conditions 
along the western shore of Prince Edward County. 
In this study wave exposure was calculated following Keddy (1982, 1984) as 
16 
EA = V \meanwindspeed22 5i * percentfrequency 225i * fetch22 Si ] Ecluat l0n 15 
i=i 
In determining an exposure value for a particular location the values are summed for all 
16 compass directions although in practice a given location along the coast will include 
numerous zeros in the exposure calculations that correspond to the directions from which 
waves cannot or do not originate (e.g. - inland) (Keddy, 1982, 1984). 
A second exposure calculation based on the exceedance of a certain wind speed may 
also be used to calculate an exposure value for a coastal location (Keddy, 1982, 1984). 
Exceedance (EA) is the proportion of the winds exceeding a given speed (e.g. - 16 km/hr) for 
each of the 16 wind bearings. The values for exceedance already incorporate the velocity 
component by considering winds only of a certain speed or greater so that the equation 
becomes: (Keddy, 1982, 1984). 
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EA=YJ[exceedance225i * fetch225l] Equation 16 
i=i 
Wind speed data from Point Petre were analyzed to determine mean wind speed for the 
16 compass bearings as well as an exceedance value for winds greater than 16 km/hr or 4.4 m/s 
which is the threshold for sand-sized sediment movement on the beaches and dunes of the 
barrier systems. These values were then used in the calculation of exposure values for the 
selected locations along the coast (Figure 4.4). 
Another method of determining exposure based on the relationship between two fetch 
measurements, effective and maximum direct fetch was also calculated for the 20 
representative locations along the coast (Figure 4.4). Following the procedure outlined by the 
British Columbia Estuary Mapping system, a second estimate of exposure was determined for 
each location (LUCO, 1999). 
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4.3 - Model Variables 
4.3.1 - Bathymetry 
The bathymetric data were downloaded from the National Geophysical Data Centre 
(NGDC) website which holds the results of a collaborative effort between the NO AA National 
Geophysical Data Center (NGDC), the NOAA Great Lakes Environmental Research 
Laboratory (GLERL), the Canadian Hydrographic Service, and the University of Colorado 
Cooperative Institute for Research in Environmental Sciences (CIRES) (NGDC, 2009). The 
source data for the new Lake Ontario bathymetry includes available bathymetric data over the 
last 100 years from sources in the U.S. and Canada. Bathymetric data used in the 
computational grids for the regions adjacent to the coast of PEC represents lake bottom 
conditions 1967 - 1991. The bathymetry data in this collaborative effort represents the best 
available data for this project and it has a contour interval of lm to a depth of 10m and a 2m 
interval for all depths greater than 10m. No bathymetric surveys were collected in the field 
during this research. 
4.3.2 - Lake Level 
Lake level data were obtained online from the Canadian Hydrographic Service Central 
and Arctic Region (CHS, 2005) and the United States Army Corps of Engineers Detroit 
District (USACEDD, 2005). Lake level data are monitored and updated frequently for locations 
throughout the Great Lakes basin including Lake Ontario. The historic monthly and yearly 
mean water level for Lake Ontario is computed from a coordinated network of gauging stations 
at Port Weller, Toronto, Cobourg and Kingston in Ontario as well as Rochester and Oswego in 
New York (CHS, 2005b). Chart Datum (International Great Lakes Datum - IGLD, 1985) for 
Lake Ontario is 74.2m (CHS, 2005c) and this level was used as the reference for lake level 
simulation in STWAVE and the subsequent discussion. 
4.3.3 - Wave Information 
Primary wave data for Lake Ontario were obtained online from the USACE Coastal 
Hydraulic Laboratory (CHL) Wave information Studies (WIS) wave hindcast data for U.S. 
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coasts (CHL-WIS, 2009). Information on wave height, wave period and direction from this 
hindcast is available for over 300 station points around the perimeter of the lake (Figure 4.5). 
Approximately 40 locations along the Coast of Prince Edward County are available with 
information on wave conditions over the past 40 years. Given the proximity of the stations to 
each other, six (6) stations were selected from the 40 available hindcast data locations to 
represent the offshore wave climate input for the model. Each of the stations was selected 
based on its proximity to one of the major geographic features along the shoreline (e.g. - bay or 
headland). The six stations selected were station 185 (Point Petre), 216 (Athol Bay), 234 
(Wellington Bay), 254 (North Beach), 265 (North shore of Lake Ontario - West of Presqu'ile), 
and 270 (Presqu'ile Peninsula) (Figure 4.5). 
Hindcast wave data include entire wave hindcast conditions at a station location, annual 
summaries for each year as well as monthly information on wind and waves at each of the 
station locations 1980 - 2000. Additional wave data for the research project were also obtained 
online from the NOAA National Buoy Data Center (NBDC) for a buoy (Station 45012) moored 
in Lake Ontario northeast of Rochester, New York (NBDC, 2009). The historic records for the 
site contain seven years of climate and wave data for when the buoy was in operation on the 
lake. Buoy records of wave conditions or the results of a deep water wave model (e.g. - WAM) 
may also be used to set the boundary conditions and drive a nearshore model. The hindcast and 
buoy data both represent deep water wave conditions off the Coast of PEC and include a range 
of fair-weather and storm conditions. 
In this study the set of principal wave input conditions was developed primarily using 
WIS hindcast data and will represent the offshore boundary conditions in the STWAVE model. 
The wave information includes wave height, wave period and directional information weighted 
by frequency of occurrence for each year of the hindcast period. 
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44°N 
43°N 
78°W 48' 12' 77°W 
Figure 4.5 - Hindcast locations along the Coast of PEC 
(image modified from: http://www.frf.usace.army.mil/cgi-bin/wis/ont/ont_main.html) 
4.3.4 - Boundary wave conditions 
The predominant direction of both wind and waves through the study region is from a 
westerly direction as these winds blow down the long axis of Lake Ontario. With a fetch of 
approximately 210 km there is the potential for the generation of significant wave energy in the 
offshore region and the hindcast and buoy measurements both indicate that waves with heights 
up to 4 - 5 m have been recorded during the ice free season. The transition of these waves into 
the nearshore zone has the capability to shape and sculpt the shoreline through erosion, 
sediment transport and deposition of sediment. 
The wave conditions available from the most recent (1961 - 2000) Lake Ontario 
hindcast represent the most accurate offshore wave conditions available for this coastline. The 
hindcast data were utilized in this research because of the length of the hindcast, the 
information used to generate the hindcast was the most current and hindcast data have been 
used successfully in other wave transformation studies. The data were qualitatively compared 
to the data available from the offshore buoy but given the short duration and seasonality of the 
wave conditions from the buoy data, it was not incorporated into this modeling exercise. 
The hindcast wave information was then examined for each of the six selected hindcast 
stations along the coast of PEC and used to create a standard set of wave conditions that 
covered the hindcast range of possible wave heights, periods and directions along the coast. 
The set of standard conditions ranges from an extreme storm to fairweather conditions and was 
determined based on significant wave height, period, direction and probability of occurrence. 
Hindcast waves under 1.5 m in height occur almost 91% of the time at the selected 
stations along the coast of PEC (Table 4.2) with waves between 1.5 and 5.5 m occurring much 
more infrequently (~ 9%). The hindcast data offshore from Athol Bay also illustrate the 
general wave period condition along the coast. Wave periods generally fall between 3 and 7 
seconds although peak periods of approximately 11 seconds were modeled in the hindcast 
(Table 4.2). At the same hindcast station modeled wave approach is most frequently from the 
west-southwest (247.5°) at 29% of the time which is also similar to the rest of the selected 
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stations along the shore. The next two most common wave approach directions were from the 
west (270°) and southwest (225°) (Table 4.3). The available hindcast data are subdivided by 
direction band which allowed a determination of the orientation of the largest waves and peak 
periods (Table 4.4). 
The result of the examination of the hindcast wave records from the six stations along 
the shoreline was a table of forty (40) standard wave conditions that spanned the breadth of 
hindcast wave heights and periods but represented the generally prevailing conditions along the 
coast of PEC. This set of wave heights and periods was then applied to the more common 
directions of wave approach along the coastline (Table 4.5). Wave events 1-10 represent a 
more limited set of wave conditions because the extreme wave heights (4 - 5 m) and wave 
periods (7.5 - 10.5s) only occurred within a limited range of directions (Table 4.4). In the 
example shown for Athol Bay, there were 5 occurrences of waves at or above 5 m in height and 
only 14 instances of waves with 10.5s periods (Table 4.2) and those 14 examples were found to 
originate from a west or southwesterly direction (Table 4.4). 
The effects of lake ice were compiled and its effects were included in the 40 year 
hindcast wave conditions utilized in this research (Scott et al, 2004). It is acknowledged that ice 
along the shoreline would affect coastal processes including sediment transport but the 
STWAVE simulations of this research were run on the assumption of ice free conditions along 
the shoreline. 
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3 
Index 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
Wave Height 
5.5 
5.5 
5.5 
5.5 
4 
4 
4 
4 
4 
4 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
Period 
9.5 
9.5 
10.5 
10.5 
7.5 
7.5 
8.5 
8.5 
9.5 
9.5 
5.5 
5.5 
5.5 
5.5 
5.5 
6.5 
6.5 
6.5 
6.5 
6.5 
7.5 
7.5 
7.5 
7.5 
7.5 
3.5 
3.5 
3.5 
3.5 
3.5 
4.5 
4.5 
4.5 
4.5 
4.5 
5.5 
5.5 
5.5 
5.5 
5.5 
Orientation 
247.5 
270 
247.5 
270 
247.5 
270 
247.5 
270 
247.5 
270 
180 
225 
247.5 
270 
285 
180 
225 
247.5 
270 
285 
180 
225 
247.5 
270 
285 
180 
225 
247.5 
270 
285 
180 
225 
247.5 
270 
285 
180 
225 
247.5 
270 
285 
Table 4.5 - Standard wave conditions used to simulate wave climate on the Coast of PEC 
114 
4.4 - STWAVE 
The model chosen for the simulation of nearshore wave conditions along the Coast 
of Prince Edward County was the spectral wave model STWAVE. It can simulate the 
transformation of the deepwater wave conditions from the Lake Ontario Hindcast over 
complex bathymetry and into the nearshore zone. 
4.4.1 - Background 
The steady state coastal spectral wave model (STWAVE) was developed by the 
Waterways Experiment Station (WES) to predict wave conditions in coastal areas. The 
model was developed to account for the idea that natural waves should be studied as 
nonlinearly interacting stochastic wave components rather than as deterministic nonlinear 
waves (WES, 2006). As the Corps' 'workhorse' model it is routinely used for nearshore 
wave generation and transformation modeling in conjunction with many of their projects 
(Smith, 2000; CEM, 2002b; Smith, 2005). In addition to laboratory testing, the program has 
been utilized and validated at over 40 projects undertaken by the USACE including sites on 
the Atlantic and Pacific coasts of the US including Alaska as well as locations along the 
Gulf of Mexico and Great Lakes (Smith, 2000; Allard et'al, 2003). 
The numerical wave program offers the ability to simulate nearshore wave 
transformation and generation. Understanding the waves that drive nearshore coastal 
processes allows the USACE to choose and develop cost effective alternatives for coastal 
projects (Smith, 2005; Wamsley et al, 2009). The US Navy has also tested the program for 
real time nearshore forecasts in support of their exercises and operations because the littoral 
environment is viewed as an important and strategic location by the US Department of 
Defense (Allard et al, 1998; Smith, 2000; Allard et al, 2003). A windows based version of 
the program is available through the Corps private technology transfer partner, Veritech Inc 
which is the version utilized in this research project. 
STWAVE is a steady state spectral wave transformation model based on the wave 
action balance equation of Jonsson (1990) and numerically solves the steady-state 
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conservation of spectral wave action along backward traced wave rays (Smith, 2001). The 
wave action approach can incorporate the effects of a current correctly whereas an energy 
spectrum approach cannot. The model is able to simulate wave refraction and shoaling 
induced by changes in the nearshore bathymetry and through the interaction with currents. 
The program numerically solves the governing equations using finite difference methods on 
a Cartesian grid. The flat grid is defined as a rectangular computational grid composed of 
square grid cells that cover the study area. STWAVE model operates in a local coordinate 
system with the optimal grid orientation such that the x-axis is oriented normal to the shore 
and bathymetry while the y-axis is oriented along the shore, typically aligned with the 
isobaths (Figure 4.6). This orientation allows for the greatest range of offshore wave angles 
and the most reliable modeling results (Allard et al, 1998; Smith, 2000; Smith, 2001; 
Wamsley et al, 2000; Bosma and Caufield, 2004). 
Figure 4.6 - Example STWAVE model domain. The grid is approximately 12 km x 18 km with a depth 
at the offshore boundary of approximately 50 m. 
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STWAVE can operate as a stand alone model but it is more often coupled within 
several larger groups of models. STWAVE is coupled with other models in the Coastal 
Engineering Design and Analysis System (CEDAS), which is a collection of coastal 
engineering design and analysis software, the Surface Water Modeling System (SMS) and 
the Coastal Modeling System (CMS). SMS is a powerful tool for generating and visualizing 
STWAVE input and output and the platform can significantly reduce the time and effort to 
prepare the required input files as well as process the results (Smith, 2001). 
The Coastal Engineering Design and Analysis System (CEDAS) and Surface Wave 
Modeling system can be used to generate the input files for STWAVE as well as to visualize 
the output data. Each group of models is within a graphical user environment that allows 
post processing and analysis of results (Cialone, 1994: CEDAS, 2009: ERDC 2009; SMS, 
2009). STWAVE is generally incorporated into larger simulation studies and coupled with 
one or more other models such as WAM (Bender et al, 2008; Suesakul et al, 2009; Wamsley 
et al, 2009), Wave Watch III (Bratos and Engle, 2008), ADCIRC (Bender et al, 2008; 
Wamsley et al, 2009), MOHID (Malhadas et al, 2009) or GENESIS (Ravens and 
Sitanggang, 2007) 
In order to begin a model simulation in STWAVE the user is required to input 
certain variables in order to produce the desired outputs as illustrated in Figure 4.7. 
1) Model parameters 
a) specify options to be applied for the model simulation and output 
b) the more output options selected the greater the amount of disc space and 
computational time required to write the output 
2) Bathymetric grid 
a) File describes grid dimensions, resolution as well as water depth for each cell 
b) Grid is defined in a flat earth coordinate system and water cells have a positive depth 
and land cells a negative value 
c) Water boundaries are assumed to be open and allow wave energy consistent with 
adjoining cells to propagate into and out of the domain while land boundaries allow 
no energy to travel in or out of the domain 
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3) Incident wave spectra 
a) wave spectrum at the offshore grid boundary 
b) spectral input also includes the number of frequencies and directions given in the 
input spectra 
c) Each spectrum also requires wind speed, wind direction and water level but the wind 
information is only used if the wind input option is selected 
4) Current fields 
a) Required only if the wave-current interaction option is selected 
b) Current information specified at each grid cell and can be interpolated from a 
circulation model 
Model parameters 
Bathymetry 
Incident wave 
spectrum, wind 
and water level 
Currents 
/ S \ 
\ ^ / T \ ^ ^ * f W 
^1 A 
\ v / ^"^* 
\ E / 
Fields of wave 
height and period 
Spectra at selected 
grid cells 
Fields of radiation 
stress gradients 
Field of breaker 
indices 
Figure 4.7 - Schematic of STWAVE model inputs and outputs (Smith, 2000; Smith, 2001) 
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The STWAVE model output includes: 
1) Fields of wave height, period and direction 
a) For each spectrum the model outputs fields for each grid cell 
2) Spectra at selected grid cells 
a) Output can be used for model validation with field measurements, input into a nested 
STWAVE simulation or a local scale model simulation 
3) Fields of radiation stress gradients 
a) All grid cells if the option is selected 
b) May be used as input to a circulation model to calculate wave driven currents and 
setup 
4) Fields of breaker indices 
a) Index output is denoted as breaking waves (1) or without breaking waves (0) 
The time of model computation can vary and depends on the number of input options 
and the size of the grid (Smith, 2000; Bosma and Caufield, 2004; Battalio et al, 2005; 
Bender and Smith, 2007). 
The bathymetry file describing the input grid size and water depth along the coast for 
each grid cell is created using a separate module (GRIDGEN) within STWAVE. The input 
wave conditions at the offshore boundary of the grid are specified as a wave spectrum 
through another module (SPECGEN) and can be generated based on wave height, period 
and direction. Individual grid cells can be identified as monitoring stations for model 
parameters so that information on the simulated wave parameters (significant wave height, 
peak period and mean direction) can be obtained for each station. 
The STWAVE model numerically solves the complete steady state conservation of 
spectral action balance along backward traced wave rays using both propagation effects and 
source term effects. 
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Equation 17 
8 CaCsacos<ji-a)E(f,a) d CaC^cos(ji-a)E(f:a) s 
+ tc ) - = 2 , — 
ex a>r ay cor <or 
where Cga= absolute wave group celerity 
x,y = spatial coordinates, subscripts indicate x and v components 
C„= absolute wave celerity 
fi — current direction 
a = propagation direction of spectral component 
E = spectral energy density 
/ = frequency of spectral component 
<y,= relative angular frequency (frequency relative to the current) 
S = energy source/sink terms 
The left hand side of the equation represents wave propagation (refraction, 
diffraction, shoaling and wave current interactions) while the right hand side represents 
energy growth or decay within the spectrum (Smith, 2000; CEM, 2002b). The source terms 
for the program include wind input, nonlinear wave-wave interactions, dissipation within the 
wave field, wave bottom interaction and surf zone breaking (Smith, 2000; CEM, 2002b; 
Bosmas and Caufield, 2004; Wamsley et al, 2009). The program includes the processes of 
depth and current induced refraction, shoaling, depth and steepness-induced wave breaking 
along with wind induced wave growth, wave-wave interaction and white capping that 
redistribute and dissipate energy in a growing wave field (Smith, 2000; Bender and Smith, 
2007). 
In calculating the wave transformation within the grid STWAVE makes the 
following assumptions: 
1) Mild bottom slope and negligible wave reflection 
a) Waves reflected from the shoreline or steep bathymetric features travel in directions 
outside the limits of the half plane model and are neglected as are forward scattered 
waves off of structures 
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2) Spatially homogenous offshore wave conditions 
a) Spatial variation in the wave spectrum along the offshore boundary of the modeling 
domain is rarely known but considered small over distances of kilometers and thus 
wave energy conditions are held constant at the offshore boundary domain 
3) Steady state waves, currents and winds 
a) Model based on steady state conditions with a short estimation time 
b) Condition is more suitable for the waves that change more slowly than the time it 
takes to transit the computational grid 
c) Winds are assumed uniform over the model domain and the generated waves are not 
limited by the duration of the wind 
d) Steady state formulation reduces computational time 
4) Linear refraction and shoaling 
a) Only includes linear wave refraction and shoaling and cannot distinguish wave 
irregularity 
b) Model accuracy is reduced as the program underestimates wave heights for large 
waves in shallow water 
5) Depth uniform current 
a) Currents with vertical variation, the model cannot modify the variation of refraction 
and shoaling due to the constant current within the water column 
6) Negligible bottom friction 
a) Bottom friction has been applied as a tuning parameter to align models with field 
measurements but determination of the value is difficult. 
b) Propagation distances are relatively short in a nearshore so that cumulative 
dissipation due to friction is also small. 
c) Therefore bottom friction is neglected in STWAVE 
7) Linear Radiation stress 
a) Radiation stress is calculated based on linear wave theory 
(Allard et al, 1998; Smith, 2000; Smith, 2001; Battalio et al, 2005; Smith, 2005; Bender and 
Smith, 2007) 
The efficiency of the updated model has been increased by approximately 50% 
compared to earlier versions allowing for greater spatial coverage and increased resolution 
of the solutions (Smith, 2005). A grid nesting technique was developed for more efficient 
and accurate simulations of nearshore wave climates and formulations for wave current 
interaction as well as wave breaking were developed (Smith and Smith, 2002). 
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The STWAVE model used in this research is a 'half plane' model so that only waves 
propagating toward the coast were represented while waves generated by wind blowing 
offshore or reflected waves were neglected (Smith, 2000). As a 'half plane' model the 
program only treats waves from directions within +/-87.50 of grid normal approaching the 
shore normal (Smith, 2000; Dally and Osiecki, 2006). The model therefore is generally used 
as an intermediate step in coastal modeling and the output is used to drive higher resolution 
models capable of evaluating conditions closer to shore (Bosma and Caufield, 2004). 
Recently however, STWAVE has been extended to a full plane model (STWAVE+) so that it 
now includes generation and propagation from all directions (Smith, 2005; Bender and 
Smith, 2007). Wave energy dissipation from bottom friction and viscous damping due to 
propagation over shallow areas has been incorporated into an updated version with good 
results (Battalio et al, 2005; Dally and Osiecki, 2006; Wamsley et al, 2009). 
The STWAVE nearshore wave model has been utilized extensively throughout the 
United States in the study of nearshore wave climate and the design of coastal engineering 
projects. In Willapa Bay and Grays Harbour, Washington as well as Ponce De Leon Inlet, 
Florida the model results satisfactorily reproduced refraction and shoaling over complex 
bathymetry but overestimated wave height by approximately 10% (McKee, 2000). In 
Texas, the model has also been used to simulate wave conditions around various 
configurations of breakwaters in order to determine the most efficient and cost effective 
design for producing a shadow zone which would protect critical habitat from erosion on 
Shamrock Island (Perry and Heilman, 2005). The model has also been used to evaluate 100 
year wave parameters in Louisiana as well as explore wave travel over the vegetated 
surfaces of coastal wetlands (Bender and Smith, 2007). STWAVE has also been utilized in 
research examining storm wave height distribution along barrier systems and the resulting 
geomorphic response of those systems (Stone et al, 1997; Stone and McBride, 1998). 
The model has also been coupled with other modeling modules to examine aspects of 
the nearshore wave climate. In Louisiana, the model was coupled with a circulation model 
(ADCIRC) to examine the degradation of storm surge and wave energy along the shoreline 
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(Bender et al, 2009; Sleath et al, 2009; Wamsley et al, 2009). In Florida, the model was used 
to drive a local morphologic model (CMS-M2D) in research examining bathymetric change 
in the Big Sarasota Pass and New Pass Inlet system (Bratos and Engle, 2008). STWAVE has 
also been used to provide input for numerical shoreline change models (GENESIS) in 
research examining shoreline change along the coast of Texas (Ravens and Sitanggang, 
2007). The model has also been coupled with a spectral deep water wave model (WAVAD) 
and a local shoreline model (CGWAVE) in a screening analysis for potential engineering 
alternatives (Bosma and Caufield, 2004; Caufield and Bosma, 2004). 
Sand for beach and barrier restoration is often derived from offshore locations and 
STWAVE has been applied to simulate the potential change in wave conditions after sand is 
removed for nourishment activities (Kelley et al, 2004; Stone et al, 2004; Dally and Osiecki, 
2006). STWAVE has also been applied in Oahu, Hawaii to examine wave measurements 
inside and outside of a reef system (Cialone and Smith, (Cialone and Smith, 2007). The 
model has also been used to examine wave climate in Alaska where it was found that the 
highest level of storm surge activity was oriented primarily to the east for the selected 
transects (Francis-Chythlook, 2005). 
Internationally, the model has been applied in the coastal waters of Norway where 
good agreement was found with local measurements for total sea in a study of wave 
conditions examining design parameters for an offshore pipeline (Nygaard and Eik, 2004). 
In Lebanon, the model was used in an investigation of the coastal evolution of the isthmus in 
Tyre (Marriner et al, 2007; Marriner et al, 2008). In Portugal, the model was output was 
used to drive a three dimensional finite volume hydrodynamic model (MOHID) in order to 
examine flow regime in the Obidos Lagoon (Malhadas et al, 2009). STWAVE has also 
been applied to wave transformation research in Thailand where the model was used to 
examine conditions relevant to coastal management and engineering work in the Pakpanang 
region (Suesakul et al, 2009). The model has also been utilized in Vietnam in the Hai Hau 
beach region where a satisfactory agreement between the measured and simulated 
significant wave height and peak spectral wave period (Sjodahl and Kalantari, 2005). 
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On the Great Lakes, STWAVE has been used by the USACE in their work to 
stabilize the coast of the Sheldon Marsh State Nature Preserve on Lake Erie (Chader et al, 
2006). The model was used in conjunction with a physical scale model to examine the 
prototype submerged rubble mound breakwater designed to stabilize the barrier beach and 
wetland. Wave conditions were tested at three different water levels with a standard set of 
three wave conditions. 
4.4.2 - Model set up 
The main inputs for the wave transformation model were the offshore wave 
parameters and bathymetric information. There was no information on wave or nearshore 
currents included in these simulations because there have been no data measured along this 
coast. In this study, STWAVE was available as a module in the CEDAS package but it was 
the only module available for the study; all other modules were disabled. Transformation 
wave modeling results can only be as accurate as the quality of the input data used to specify 
the initial conditions therefore a key component of accurate wave modeling is the selection 
of accurate bathymetric and wave data. The data used in this study were chosen to represent 
the best available data for this region of Lake Ontario coastline 
The western shoreline of PEC stretches approximately 55 km in a straight line 
distance from NW to SE but reaches approximately 90 km when the irregular coastline is 
taken into account. The area chosen for the grid used in STWAVE included the coastline 
from a location west of Presqu'ile Provincial Park dictated by available bathymetry, to the 
southeastern limit of the study area just to the east of Point Petre. The STWAVE model 
domains generated for application in this research consisted of two different resolutions of 
computational grid. A computational grid with a cell size resolution of 100 m x 100 m was 
created to encompass the entire study are of the Prince Edward County coast for a single 
simulation. Within this larger grid were seven smaller grids with a grid spacing of 25 m x 25 
m and were used to study wave conditions in individual bays, around specific promontories 
or other areas of interest (Figure 4.8). The 100 m x 100 m grid for the entire coast has over 
133 000 cells while the smaller grids of 25 x 25 vary between 134 616 (Soup Harbour) and 
336 528 (Wellington Bay) grid cells. 
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Lake Ontario 
L 
Figure 4.8 - Uniform grids built for the Coast of Prince Edward County - Solid line (red) primary 100m 
x 100m grid and dashed lines (orange) represent the specific 25m x 25m grids 
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The STWAVE model is composed of several smaller program modules that are used 
to accomplish specific tasks related to the program such as generating the necessary 
components to perform a model simulation and visualization of output. Bathymetry data 
were converted into the appropriate format in order to be imported into STWAVE. Using 
the bathymetric data, a grid was generated for the model using the grid generator 
(GRIDGEN), a module designed for converting real world UTM X, Y coordinates into an 
STWAVE Cartesian grid coordinate system that uses square grid cells (Ax = Ay) (Figure 
4.9). The coordinate system (NAD27), vertical datum (IGLD 1985 - 74.2m) and the units 
(metres) were specified when creating the data file. Each of the grids was created 
individually and extends from an offshore distance to the shoreline. The grid extends to the 
shore with an x-axis that is oriented in an approximately cross shore direction or 
perpendicular to the coast. The y-axis is oriented alongshore and is generally aligned with 
the bottom contours along the outer boundary of the grid. When the grid is complete, a 
spatial domain file and a station file are exported for use in the wave simulation. 
Full PEC combination Sim 
Figure 4.9 - Example of isobaths produced through GRIDGEN and displayed in STWAVE (Contour 
interval = 9m) 
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Each of the 40 individual wave events (Table 4.5) was manually input into the wave, 
wind and water level (WWWL) data editor. In the WWWL editor, each wave event was 
entered as a wave height, period and direction after which it was saved as a separate file for 
use in the next module, SPECGEN. The SPECGEN module develops the required spectral 
input for each event from the set of specific wave events input into the WWWL editor. 
SPECGEN created the spectral wave parameters for each of the 40 derived wave conditions 
suitable for use in STWAVE. 
In order to generate the correct wave spectrum, the range of wave periods 
determined from the hindcast data had to be covered with as fine a resolution (delta 
frequency) as possible within STWAVE and still represent the entire range of wave periods 
(Butler, 2009). Each wave period was converted to frequency because it is the required 
format for the model coding (Table 4.6). Using these values a minimum frequency and delta 
frequency were determined that would cover the range ( 2 - 1 1 seconds) of wave periods 
determined from examination of the Lake Ontario hindcast data. 
Period 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
Frequency (f=l/T) 
0.5 
0.3333 
0.25 
0.2 
0.1667 
0.1428 
0.125 
0.1111 
0.1 
0.0909 
Table 4.6 - Hindcast wave period range as corresponding frequency 
In order to span the range of periods the following formula was used to determine a 
minimum frequency value (Butler, 2009). 
(# of spectral bins) x (delta frequency) + (initial frequency) = Minimum frequency Equation 18 
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The number of spectral bins chosen is typically 30 - 35 and it was recommended that using 
35 bins for this research would be appropriate for covering the range of wave periods (Table 
4.7) (Butler, 2009). 
Spectral 
bin 
35 
1 
Delta 
frequency 
0.015 
0.015 
Initial 
frequency 
0.07 
0.07 
Minimum 
frequency 
0.595 
0.085 
Seconds 
(T=l/f) 
1.7 
11.8 
Table 4.7 - Values utilized in specifying spectral bins 
In addition to setting the resolution of the wave spectrum, STWAVE requires data on 
the spectral shape. STWAVE uses a TMA one-dimensional shallow water spectral shape 
using the peak wave period, wave height, water depth and spectral peakedness parameter (y) 
which controls width of the spectrum (Table 4.8). Input of small numbers in this parameter 
will give a broad peak whereas large numbers will give a narrow peak (Smith et al, 1999). 
The program determines directional distribution of the spectrum using the mean directional 
and a directional spreading coefficient (nn) (Table 4.8). In the research presented here all 
simulations utilized a spectral peakedness parameter (y) of 3.3 and a directional spreading 
coefficient (nn) of 4 because the wave periods available from the hindcast data are less than 
or equal to 10 seconds. 
Approximate Spectral Peakedness and Directional Spreading 
Parameters 
T„ Sec 
s10 
11 
12 
13 
14 
15 
16 
17 
16 
19 
20 
V 
3.3 
4 
4 
S 
5 
6 
6 
7 
7 
8 
8 
nn 
4 
8 
10 
12 
16 
18 
20 
22 
26 
28 
30 
Table 4.8 - Approximate Spectral Peakedness and Directional Spreading parameters (Smith et al, 1999) 
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The bathymetric file created in GRIDGEN along with the wave file developed in 
SPECGEN represents the primary input to the STWAVE model. The STWAVE model 
simulation is then run after directing the model to the appropriate input file paths created in 
GRIDGEN and SPECGEN as well as specifying the required output files. The simulation is 
then saved and initiated with model runs in this project operating within the range of 6 - 43 
hours depending on the grid size and output parameters. Several test runs were completed 
and then a simulation was run for each of the eight grids covering the Prince Edward County 
coast. 
Individual wave events from the various simulations for each grid can be visualized 
with the wave model visualization module (WMV) and exported as an image file. In total, 
using the developed set of 40 unique wave events for each of the eight grids, a total of 320 
event simulations were generated for wave conditions along the PEC coast. The wave 
events developed cover the range of wave conditions possible along the coast but not so 
many as to be limiting with regard to computational time. 
4.5 - Littoral Transport Estimate 
In general sediment transport models present a gross estimate of the direction of 
sediment transport as well as an estimate of the volume of moving sediment. Using the data 
generated from the wave event simulations in STWAVE an estimate of potential littoral 
transport was made for the range of common wave directions along the shore of PEC. Wave 
event simulations 2 1 - 2 5 were taken to represent storm conditions and events 36 - 40 were 
used to represent fair-weather conditions. The estimates along the western shore of the 
County were made using the CERC equation from the US Army Corps of Engineers 
(Equation 7). 
The CERC formula (Equation 9) from the USACE was chosen to calculate a 
potential longshore sediment transport value for this research primarily due to its wide 
application on a variety of coastlines around the world. The equation is one of the oldest, 
best known formulas and because it is also one of the simplest to apply, it is probably the 
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most widely used method for estimating longshore sediment transport in coastal engineering 
practice (Wang et al, 2002; Zheng and Hu. 2003; King, 2005; Bayram et al, 2007). The 
equation is based on the principle that the volume of sand in transport is proportional to the 
longshore wave power per unit length of the beach. There are a limited number of 
parameters needed to solve the CERC equation and those parameters were available in the 
output simulations produced by the wave model in this research. Despite the limitations of 
using such a simple equation to estimate potential littoral transport it continues to be 
employed because more sophisticated models have not been shown to provide greater 
accuracy relative to the effort needed to utilize them (King, 2005). Therefore if the 
limitations of the model are accepted then the probable overestimation of the littoral 
transport rate by possibly an order of magnitude can be acknowledged and any decisions 
surrounding it can be qualified. 
The height of the breaking waves is an important variable for the design of coastal 
structures as well as determining a potential estimate of littoral transport along the coast. In 
the examples in this study there was no spectrum of waves used as boundary conditions in 
the simulations but rather single unique wave events that were transformed toward the shore. 
The breaker depth was not known from the field or from the model output simulation 
because although breaker indices were available through STWAVE it was not possible to 
display the output on this model version because an additional module was needed for 
visualization of the results. 
In an attempt to determine breaking wave height along the coast for use in the CERC 
equation, a method of estimating the height was investigated. Rattanapitikon and 
Vivattanaskirisak (2002) reviewed and compared the predictive capability of 29 different 
equations used to predict breaker height with data from large scale experiments. An 
estimate was made for the breaking wave height using the formula from Le Mehaute and 
Koh, (1967); 
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Hb = 0.76Ho (Ho/Lo)"0-25 m Equation 19 
Hb = Breaking wave height 
H0 = Deep water wave height 
L0 = Deep Water wave length 
m = local bottom slope 
(Rattanapitikon and Vivattanaskirisak, 2002; Tsai et al, 2005) 
In determining the breaking wave height, slope (m) was calculated at 24 locations 
along the Western shore of Prince Edward County between the shore and a depth of 10 m 
(Table 4.6a). On the north side of Nicholson Island the bathymetry drops to 10 m in 
approximately 110 m offshore which is the steepest slope along the entire coast while the 
gentlest slope was measured off the beach on the Presqu'ile peninsula where a depth of 10 m 
is reached about 3.5 km west off the beach. The underwater slope to a depth of 10 m along 
the PEC coast varied from regions with steeper slopes of 1/11 - 1/50 to regions with very 
low slopes such as 1/111 - 1/166 and as low as 1/500. 
The input conditions used at the grid boundary for events 2 1 - 2 5 (Table 4.5) were 
then combined with the 24 calculated slopes in equation 30 to estimate breaking wave 
conditions along the coast (Table 4.9) 
Number 
1 
2 
5 
7 
10 
19 
Location 
N shore Lake Ontario 
Presquile Beach 
S side High Bluff Is 
Weller's Bay 
N side Nicholson 
Barrier Athol Bay 
Depth 
(m) 
10 
10 
10 
10 
10 
10 
Distance 
(m) 
1229 
3665 
307 
2229 
111 
1517 
Slope 
(m/m) 
0.008 
0.003 
0.033 
0.004 
0.09 
0.006 
Breaking wave 
height 
1.97 
1.68 
2.40 
1.81 
2.77 
1.91 
Table 4.9 - Selected examples of submarine slope and estimated breaking wave heights along the Shore 
of Prince Edward County 
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The estimate for the breaking wave height produced for the Athol Bay simulation 
grid was 1.96 m meaning that under the initial model conditions of a 2 m wave at the grid 
boundary, the wave breaks almost immediately. In Athol Bay this means that the wave 
would break well offshore from either West Point or Salmon Point which was not 
considered practical or as meaningful for sediment transport calculations closer to shore. 
Similar breaking wave height outputs were found for other regions along the coast which 
meant that at these heights waves would be breaking at a great distance from the shore and 
very close to the initial edge of the simulation grid while at other areas the breaking wave 
height could be much closer to shore. If the waves were breaking at large distances from 
shore, there would probably be time for the wave to reform as it continued to approach 
shore. Along its path toward shore it could possibly break again before finally breaking on 
the coast. To overcome this limitation, a value determined from a cross section of the wave 
simulation was used as an estimate for the final breaking wave height along the coast of 
PEC. 
The version of STWAVE available for use in this study allowed a horizontal or 
vertical cross section of the wave height to be created at a selected point within the 
simulation grid. At the stations selected to represent the coast for a littoral transport 
estimate, a cross section was created through the station which allowed information on wave 
height at that location to be determined (Figure 4.10). Wave data on the cross section graph 
generally showed a peak in wave height close to shore which was taken to represent the 
increase in wave height before breaking because after this point wave height is typically 
recorded dropping to zero. The height of this peak was used to represent the wave height at 
breaking in the littoral transport equation. Wave height data were then collected for each of 
the selected stations during each of the example event simulations (Event 21 - 25). 
Athol_Bay_Combination_Sim 2 
Wave Height (m) 
Horzontal Cross Section 
Figure 4.10 - Athol Bay simulation grid example: cross sections - showing the location of cross sections 
taken through stations located along the barrier bar (above); Cross sections of wave heights from wave 
simulation of Event 21 for the 6 stations (bottom); peak wave height near the shoreline taken to be the 
breaking wave height along the coast (Dashed circle) 
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It was also decided to create idealized shorelines for selected reaches of the PEC 
shoreline in order to make an estimate of the potential littoral drift. The selected stretch of 
coastline was considered as a straight line and a station from the model simulation was 
chosen to represent that stretch of coast. If the station was on a shoreline that was generally 
parallel to the y-axis of the simulation grid, then the angles from that station were used as 
indicated in the wave event simulation output as the breaking wave angle in the equation 
(Figure 4.9). If however the shoreline was at a divergent angle from the y-axis of the 
simulation grid then the angle of wave propagation recorded at the station had to be adjusted 
to represent wave approach to the coastline. In Athol Bay, angles from the stations located 
along the barrier bar were used without any modification while angles from stations on the 
north and south shores of the bay had the wave propagation angles recorded at the selected 
stations converted so they were relative to the north or south shore. 
Figure 4.11 - Athol Bay simulation grid example: ideal shorelines - showing barrier bar shoreline 
(dashed line) parallel with y-axis along which the wave propagation angles were not modified and 
shorelines divergent from the y-axis (solid line) for which the angles were adjusted to the shoreline 
orientation. 
134 
One of the variables used in the CERC equation is the value assigned to the constant 
K which is assigned a value found to be applicable through prior research. There has been 
much discussion surrounding its value assigned to K and it is recommended when and where 
possible to estimate a value K for a particular location. One method used for estimating the 
value of K is the Bailard (1984) method which calculates a value as a function of breaker 
angle and the ratio of velocity magnitude to sediment fall speed (Equation 16). del Valle et 
al (1993) developed an empirically based relationship for K which was the method used in 
this study for estimating K using the equation: 
K = 1 4 e"2'5D5° Equation 20 
e - constant 
D50 - expressed in millimeters 
Using the del Valle et al (1993) equation 18 estimates of K were made for sediment 
samples from various shoreline reaches along the Prince Edward County coastline. 
With the calculation of the K value, a spreadsheet was then created to calculate the 
CERC equation using the variables for the western Shore of Prince Edward County. The 
littoral transport equation results in the study were based upon the use of the recommended 
K value by the USACE and the mean value developed for the study site. 
The other values used in the CERC equation included the following; Mass density of 
freshwater (pw) = 1000 kg/m ; Mass density of sediment grains (ps) (quartz) = 2650 kg/m ; 
acceleration due to gravity (g) = 9.81 m/s2; in place sediment porosity (n) ~ 0.4; Breaker 
index (yb) = 0.64; and wave angle at breaking (0b) was converted to radians within the 
spreadsheet as it worked in radians and not degrees 
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4.6 - Uncertainties 
As with any modeling project there are a number of uncertainties inherent to this 
research project on wave climate and littoral transport along the coast of the County. There 
are certain assumptions and inaccuracies within the modeling technique but it is important to 
acknowledge the issues and account for them in the final interpretation. 
The STWAVE model is a half plane version so it can only work with waves within a 
range of shore normal which may neglect a certain percentage of potential influence in the 
littoral system. The model also assumes a depth uniform current which may not replicate 
the true nature of the littoral system but since there is no information available for current 
strengths in the region, this feature was not utilized in the model. The STWAVE model also 
assumes mild bottom slope and negligible wave reflection which may apply in certain areas 
of the gird but certainly not the entire modeled grid area. Spatially homogenous offshore 
wave conditions are also assumed to be present along the y-axis of the model grid which is 
unlikely to occur along several kilometres of open lake so that the idealized waves cannot 
hope to account for the variation that must surely be present in the offshore zone. The 
model also assumes negligible bottom friction in the simulation of wave conditions which 
may be true in some regions of the modeled grid domain and far removed from others. 
Use of the CERC equation involves the acceptance of a number of uncertainties first 
and foremost the simplified nature of the equation. The use of such a limited number of 
variables while not accounting for variables such as slope and grain size in the determination 
of longshore transport contributes uncertainty associated with using the equation. The 
breadth of discussion and opinion regarding the use and value of the empirical coefficient K 
only serves to highlight the uncertainty associated with using the CERC equation. The wave 
propagation angle adjustments relative to the x,y-axis also represent an uncertainty in the 
determination of the overall littoral transport system. Although the adjustment calculations 
were made as accurately as possible, the procedure was probably crude compared to the 
adjustment available in a full modeling suite. Application of the equation also assumes that 
the lake bed is covered with sediment available to be moved along the coast under the 
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changing wave conditions which is not true for large sections of the County coastline due to 
the exposures of bedrock. 
However despite the uncertainties associated with the modeling of the coastal system 
and the clarification that the results should be interpreted with a degree of caution, it is 
believed that the results of this study provide a beneficial evaluation of the regional wave 
climate and a favorable characterization of the relative sediment transport directions if not 
actual quantities. 
4.7 - Summary 
A combination of laboratory, fieldwork and computer modeling were utilized in this 
research and this chapter has summarized the various techniques used. The methods are 
based around the use of the computer wave model STWAVE. The results of these methods 
will be presented in the next chapter and then discussed following that in Chapter 6. 
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Chapter 5 - Results 
This chapter presents the results from the laboratory analysis, field work and wave 
model simulations for this research. The shoreline classification is presented with the results 
from the analysis of the sampled sediments along the Western shore of Prince Edward County. 
The fetch and exposure calculations are followed the by wave simulation results from 
STWAVE and the estimates of potential littoral transport. 
5.1 - Coastal Classification 
On site observations from the coast of PEC which was walked and photographed 
throughout the study period in publicly accessible areas were combined with observations from 
remotely sensed data to determine a generalized shoreline classification system (Figure 5.1). 
The approximately 90 km of coastline can be divided into five general shoreline types 
including coarse beach, sand beach, exposed bedrock, mixed shoreline (vegetated sand/gravel 
beach) and engineered structures. A large proportion of the coast consists of exposed 
Ordovician limestone bedrock in the form of a cliff up to 4-5 m in height or as a low angle rock 
platform backed by a short cliff (>1 m) or cobble berm. The rock platform may have large 
pieces of broken bedrock lying on it but in general is swept clean of other material. The low 
angle bedrock is also found at the base of the cliffs and generally is exposed and visible on the 
lake bed for some distance offshore (Figures 5.2 - 5.4). 
The coarse beach sections of coast are composed of a range of sediment sizes from 
sands and gravels to large cobbles (Figures 5.5 and 5.6). These beaches usually consist of one 
or more ridges above the waterline composed of predominantly regional limestone although 
examples of Precambrian material, probably glacially derived, can be found along the shore. 
The sand beaches along the coast are associated with the barrier bar systems with numerous 
dunes close to the modern shorelines while others have migrated inland for some distance and 
reach heights up to 25 m or more (e.g. on the Wellington Barrier Bar in Sandbanks Provincial 
Park) (Figures 5.7 - 5.9). 
Sb - Sand Beach: Barrier Bar with dunes; locally mixed with gravel to cobble 
Cb - Coarse Beach: generally limestone gravel, cobble, shingle sized material 
Eb - Exposed bedrock: limestone bedrock cliff {0.5 - 5m high); locally with 
platform extending lakeward; and/or with cobble storm bcrm at rear of 
platform near cliff or coarse beach 
8 Mixed shoreline - Vegetation - sandy rocky beach with local engineering present 
I En — Engineered structure 
Figure 5.1 - Shoreline classification of the Western coast of Prince Edward County 
Figure 5.2 - Exposed Bedrock: Limestone cliff and platform on the western shore of Huycks Point 
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Figure 5.3 -
Figure 5.4 - Exposed Bedrock: limestone platform & cobble berm northwest of North Beach Provincial 
Park 
Figure 5.5- Coarse beach northwest of Robinson Point 
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Figure 5.8- Generally sandy beach at North Beach Provincial Park 
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Figure 5.9 - Sand beach at Presqu'ile Provincial Park 
5.1.1 - Sediment Data 
Sediment samples from the major shoreline units identified in the coastal classification 
system were sampled to provide an indication of the characteristics of the sedimentary 
environment because the determination of grain size and sorting for a location may provide 
insight into the methods of sedimentation and conditions under which deposition took place. 
On the largest shoreline unit along the coast, the exposed bedrock, there was little to no 
sediment present other than large flat pieces of limestone. Within local depressions, fissures 
and other protected areas on the bedrock shelf were small accumulations of various grains sizes 
of unconsolidated sediment but consisted primarily of gravel and cobble sized material but 
occasionally small amounts of sand or broken shells. The lack of sediment and hazardous 
collecting conditions along these reaches of shoreline meant that there was no sediment 
sampling undertaken in these regions which is not considered an issue as these areas are not of 
particular importance for this study because the amount of sediment input is small. 
The sandy beaches associated with the barrier bars generally exhibit a narrow range of 
sediment sizes although there can be a great deal of variation in grain size locally. Generally 
these beaches are composed of well sorted to very well sorted fine sand with D50 phi value 
range between 2.0 - 2.4 (p (147.1 - 247.3 urn) (Figure 5.10 and Figures 5.13). The sandy beach 
sediments were similar to the nearshore samples (Figures 5.11 and 5.15) as well as the offshore 
samples (Figures 5.12 and 5.16). 
Coarse beach sediments displayed a wide range of sizes across and along the beach. 
The collected samples from these beaches only represent a sub-sample of the overall beach 
because only the sediment that could be bagged and easily transported was examined. Larger 
material (e.g. - boulder) was clearly present at these locations but given the difficulty of 
transporting meaningful sample sizes only photographic evidence of the larger material was 
collected. The sediment that was collected and analyzed also exhibited a range of sizes. 
Samples tested were slightly gravelly sand, sandy gravel and gravel (Figures 5.14). 
The nearshore samples were collected at locations adjacent to the sandy beaches and as 
such display similar results. The samples from the nearshore zone exhibit a narrow size range 
indicating this sediment is well to very well-sorted fine grained sand with a D5o phi value range 
between 2.3 - 2.8 (p (140.7 - 195.7 urn) (Figures 5.11 and 5.15). Nearshore samples were not 
collected from sites adjacent to coarse beaches because the water depths and wave conditions 
prevented safe collection. A narrow size range was also evident in the offshore sediment 
samples which were generally moderately well-sorted to well-sorted fine to very fine sand with 
a D50 phi value range of 2.6 - 3.2 cp (107.5- 158.6 urn). 
The sediment samples collected during this research are generally consistent with prior 
analysis of sediment samples from the region. Previous studies of sediment characteristics 
along the Prince Edward County coastline have noted that although there is a seasonal variation 
in beach and nearshore samples at various beaches, there was a general similarity and 
consistency among the sediment samples (Peat, 1973; Heron, 1976; Mitchell, 1976; Martini 
and Kwong, 1985; Slaats, 1989). The sandy sediments along the coast are the primary focus in 
this research and the grain sizes used for the determining a value for the empirical coefficient K 
were generally a fine to medium grained sand. 
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The results from the offshore samples of this study agree very well with offshore 
sediment data gathered by the National Water Research Institute (NWRI) of Environment 
Canada in the offshore region of Lake Ontario between Nicholson Island and Presqu'ile 
Provincial Park (Biberhofer, H. 2008). The NWRI samples generally indicated a fine to 
medium grained sand within a narrow size range with small percentages of both silt/clay as 
well as coarse sand. Sediment collected from the offshore environment near North Beach and 
Weller's Bay compared well with sediment collected by NWRI (Site lop-s028 and lop-s040) as 
all the samples show fine grained sand. The NWRI samples were slightly coarser with the 
mean grain size close to 2(p with approximately 1/3 of the sample consisting of medium 
grained sand whereas the sediment collected during this study was finer with a mean grain size 
of 3<p. 
The samples collected in this study were also similar to sediment data in the Great 
Lakes Sediment Database at NWRI (Rukavina, 1972). There were 35 jet samples collected 
along the PEC coast in the early 1970s at depths between 1 - 24 m. Thirty (30) of the sediment 
samples from the coast were all identified as sand with only two samples identified as gravelly 
sand, two as muddy sand and one as a muddy sand gravel. The two gravelly sand samples were 
taken off the eastern tip of the Presqu'ile peninsula in Weller's Bay and off of North Beach 
Provincial Park. One muddy sand deposit was collected in the protected hollow north of 
Nicholson Island while the second sample was gathered several kilometers to the east of the 
island along the shoreline cliff approaching the Town of Wellington. 
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Figure 5.10 - Example cumulative percentage curve for sand beach 
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Figure 5.11 - Example cumulative percentage curve for nearshore samples 
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Figure 5.12- Example cumulative percentage curve for offshore samples 
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Figure 5.13a - e: Sandy beach sediment samples, barrier bar locations along Western Coast of Prince 
Edward County: a (top left) Sandbanks Provincial Park - Athol Bay; b (top right) Sandbanks Provincial 
Park - Wellington Bay; b (middle left) Pleasant Bay; d (middle right) Hyuck's Bay); e (bottom) Presqu'ile 
Provincial Park 
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Figure 5.14a - d: Coarse beach sediment samples from locations along Western Coast of Prince Edward 
County: a - Wellington Barrier (top left); b - Huycks Bay (top right); b - Gull Bar (lower left); d - Site 1 
near Robinson Point (lower right) 
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Figure 5.15 a - c: Nearshore sediment samples from locations along Western Coast of Prince Edward 
County: a (top) Presqu'ile Provincial Park; b (middle) Sandbanks Provincial Park - Wellington Bay; c 
(bottom) Sandbanks Provincial Park - Athol Bay 
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Figure 5.16 a - d: Offshore sediment samples from locations along Western Coast of Prince Edward 
County: a (top left) offshore - Weller's Bay National Wildlife Area; b (top right) offshore - North Beach 
Provincial Park; b (lower left) offshore - Sandbanks Provincial Park (Wellington Bay); d (bottom right) 
offshore - Sandbanks Provincial Park (Athol Bay) 
The results from the sediment analysis were then used to calculate a regional K value 
using equation 28, which was used in the estimation of potential littoral transport. Using the 
D50 values calculated in GRADISTAT for a selection of sediment samples collected along the 
coast, estimates for K ranged from 0.08 to 1.07 with a mean value of 0.87. These ranges of K 
values fit with the range of values used in other research (Table 5.1). 
Nearshore 
Offshore 
Sandy beach 
Coarse beach 
D50 
(mm) 
0.140 
0.196 
0.190 
0.108 
0.119 
0.123 
0.134 
0.139 
0.158 
0.159 
0.242 
0.233 
0.221 
0.199 
0.185 
0.147 
1.168 
0.237 
K 
0.99 
0.86 
0.87 
1.07 
1.04 
1.03 
1.00 
0.99 
0.94 
0.94 
0.77 
0.78 
0.81 
0.85 
0.88 
0.97 
0.08 
0.78 
Table 5.1 - Range of K values for D50 values from sediment samples from the western Shore of Prince 
Edward County 
5.2 - Fetch and Exposure measurements 
5.2.1 - Wind Data 
One of the required components for the calculation of effective fetch, wave base and 
exposure value along the Western Coast of Prince Edward County was a characterization of the 
wind environment. The study coastline is generally aligned southeast to northwest (135° -
315°) so that it is generally oriented toward the southwest (225°) (Figure 5.17). Winds are 
important along the coast because they represent the generating force for the waves that drive 
nearshore processes. 
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Figure 5.17 - Shore orientation of the Western Coast of Prince Edward County 
Climate stations at Cobourg, Trenton and Point Petre, Ontario as well as the offshore 
buoy, all generally indicate a westerly to southwesterly wind regime in the area (Figure 5.18). 
The strongest winds at all the stations (red) originate primarily from between the southwest and 
northwest. Winds blowing toward Prince Edward County are generally approaching very close 
to shore-normal along the majority of the coast. The pattern shown in the wind roses generally 
resembles the orientation of the shoreline and the axis of the lake. 
Mean wind speeds along the study area range from 3.9-5.9 m/s with maximum winds 
peaking between 20 - 31.9 m/s (Table 5.2). Examination of the wind data from the three 
onshore locations showed that the three highest mean wind speeds by direction were all 
oriented between south-southwest and west-northwest except for Point Petre which had its 
maximum wind speed approach from the north-northwest. 
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Mean Wind Speed (m/s) 
Mean Wind Speed (m/s) 
(May - Oct) 
Max Wind Speed (m/s) 
Max Wind Speed (m/s) 
(May - Oct) 
Max Wind Speed Direction 
Cobourg 
3.4 ' 
2.9 
22.8 
15.8 
WSW 
Trenton 
3.6 
3.2 
20.6 
17.5 
SW 
Point Petre 
5.9 
5.0 
31.9 
31.9 
NNW 
Buoy 45012 
5.1 
24.0 
WSW 
Table 5.2 - Mean and Max wind speeds (m/s) 1997 - 2008 in the Prince Edward Country region 
Wind speeds along the PEC coast also exhibit marked seasonal variation such that 
winter mean monthly wind speeds are higher than those recorded during the summer (Figure 
5.19). During the ice free period (May - Oct) mean and maximum wind speeds decrease at all 
three locations along the Coast of Prince Edward County. The wind speed recorded by buoy 
45012 which is only deployed during the ice free period (May - Oct) has a mean wind speed 
that is very similar to Point Petre, the most southeasterly land station and probably the station 
that most closely resembles over lake wind conditions. Wind directions during the ice free 
period remain the same with winds approaching from between south-southwest and west-
northwest with the greatest frequency. 
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Figure 5.19 - Average Daily wind speeds at Point Petre, Ontario for three years (2006 - 2008) illustrates the 
variation in winds speeds between the winter and summer. 
The wind data from Point Petre (1997 - 2008) were sorted to examine the occurrence of 
winds above certain thresholds (e.g. 20 km/hr). Wind speeds at Point Petre were at or above 20 
km/hr (5.5 m/s) almost 48% of the time annually (Table 5.3). When winds reached a speed 
equal to or greater than the 5.5 m/s threshold they also originated predominantly from a 
westerly direction (WSW, W or WNW) which accounted for 40% of time when the wind 
reached that strength. A similar pattern of westerly oriented winds is also evident at wind 
speeds higher than 20 km/hr at Point Petre. Winds blew over 40 km/hr (1 l.lm/s) approximately 
10% of the time with 60% of the winds originating from three principal directions and almost 
28% of those blowing in from the west. Winds at Point Petre with strength over 60 km/hr (16.6 
m/s) blew for less than 1% of the time but 85% of those winds originated from southwest, 
west-southwest or west. Winds over 80 km/hr (22.2 m/s) and 100 km/hr (27.7 m/s) are rare 
wind speed events at Point Petre, occurring 0.06% and 0.003% of the time with the focus of the 
wind between west-southwest and north-northwest. The two strongest wind speeds recorded at 
Point Petre were 115 km/hr (31.9 m/s) from a north-northwesterly direction and 107 km/hr 
(29.7 m/s) from the west-southwest. 
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5.2.2 - Effective fetch - wave base 
Fetch measurements were taken at the eighteen offshore positions along the coast of 
Prince Edward County (Figure 4.3). The irregular nature of the coastline can result in restricted 
fetch windows for a particular location but in some examples the relationship to the geometry 
of the lake is very apparent (e.g. - Point Petre). The measurements along the coast of PEC 
clearly indicate the longest measured fetch as well as the calculated effective fetch is to the 
southwest along the long axis of Lake Ontario (Figure 5.20 a - d). 
[ • Measured Fetch • Effectuve Fetch | [ D Measured Fetch • Effective Fetch j 
JD Measured Fetch G Effective Fetch | |n Measured Fetch • Effective Fetch | 
Figure 5.20 a- d: Measured (blue) vs calculated effective (purple) fetch in kilometers (km) for a) Popham 
Bay Presqu'ile Provincial Park (top left); b) Presqu'ile Bay (top right); c) Wellington Bay (lower left); d) 
Point Petre (Lower right) 
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From these measurements the maximum effective fetch was determined which was then 
combined with a set of wind speeds that covered the range of possible wind speeds experienced 
at Point Petre. The wind speeds utilized in the calculation of the wave base were the same 
values (e.g. - 20 km/hr) used to sort all the winds at Point Petre (Section 5.2.1) in order to 
determine the percentage of time the wind was oriented in a particular direction. The 
combination of these two values allowed the calculation of a wave height, period, and 
wavelength as well as wave base for each of the 18 locations along the coast (Table 5.6a). 
Using equations 22 and 23, a wind speed of 20 km/hr blowing across Lake Ontario over a 
maximum effective fetch of approximately 61 km towards Point Petre produces a wave with an 
estimated height of 0.85 m and a period of 4.14 s. Equation 24 then allows the wavelength for 
this wave to be calculated as 26.7 m which when utilized in equation 25 produces a wave base 
of approximately 6.6 m (Table 5.4). Values were determined for each wind speed over the 
maximum effective fetch at each of the 18 locations along the coast. 
Location 
Point Petre 
Max 
Effective 
Fetch 
(km) 
61.1 
(m) 
61100 
Wind 
Speed 
(km/hr) 
20 
40 
60 
80 
100 
110 
Wind 
Speed 
(m/s) 
5.56 
11.11 
16.67 
22.22 
27.78 
30.56 
Wave 
Height 
(m) 
0.85 
1.77 
2.72 
3.69 
4.67 
5.17 
Wave 
Period 
(s) 
4.14 
5.61 
6.71 
7.62 
8.40 
8.76 
Wave 
Length 
(m) 
26.72 
49.17 
70.26 
90.50 
110.13 
119.77 
Wave 
Base 
(m) 
6.68 
12.29 
17.56 
22.62 
27.53 
29.94 
Table 5.4 - Example results for Point Petre location 
The wave base depths determined for each wind speed at the 18 locations were then 
used to develop a map of wave base isobaths along the coast of PEC. In order to map the wave 
base isobaths, the mean value of the 18 locations was used as the standard isobath for that wind 
speed (Table 5.5). The calculated wave base for a 20 km/hr wind along the PEC coast ranged 
between a depth of 5.4 m - 6.7 m with a mean of 6.3 m so that the mapped wave base generally 
follows the 6 m isobath (Figure 5.21). The wave base values were assumed to be shore normal 
along the entire coast and then extended laterally along the appropriate contour to be connected 
to the next closest calculated location along the coast. 
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Wind Speed 
(km/hr) 
20.0 
40.0 
60.0 
80.0 
100.0 
110.0 
(m/s) 
5.6 
11.1 
16.7 
22.2 
27.8 
30.6 
Wave 
Base (m) 
Orange 
Green 
Yellow 
Purple 
Blue 
Not shown 
Min 
5.4 
10.0 
14.3 
18.4 
22.4 
24.4 
Max 
6.7 
12.3 
17.6 
22.6 
27.5 
29.9 
Mean 
6.3 
11.5 
16.5 
21.2 
25.8 
28.1 
Table 5.5 - Wave base values along the Coast of PEC; Minimum, Maximum and Mean wave base depths 
Using the standard set of sustained winds (5.6 - 30.6 m/s) the depth of the wave base 
along the coast of Prince Edward County increases from a mean minimum of approximately 
6.3 m to a maximum mean depth of just over 28 m (Table 5.5). Under the strongest sustained 
wind conditions and the resulting large waves, interaction with the bottom of the lake may 
occur approximately 10 km from shore off Salmon Point, Presqu'ile Peninsula and Weller's 
Bay (Figure 5.21). Under the same conditions, the lake bed in Wellington and Athol Bays is 
contacted approximately 6 - 7 km offshore while at Point Petre, large waves approach to within 
3 km of the coast. 
Comparison of the Lake Ontario hindcast wave data for the station closest to Point Petre 
(e.g. - Station 185) shows that the wave parameters estimated using equations 22 - 25 do 
approximate selected hindcast wave conditions (Table 5.6). 
Station 185 
Calculated value (11.1 m/s wind) 
Station 185 
Calculated value (27.7 m/s wind) 
Station 185 
Calculated value (30.5 m/s wind) 
Wave Height 
1.7 
1.7 
4.2 
4.6 
5.8 
5.1 
Wave Period 
5.5 
5.6 
8.4 
8.5 
10 
8.7 
Wave Base 
11.8 
12.2 
28.1 
27.5 
39 
29.9 
Table 5.6 - Comparison of calculated and 2004 hindcast values 
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5.2.3 - Effective fetch - exposure 
The fetch was then measured for the additional twenty points (Figure 4.4) along the 
shoreline of Prince Edward County and utilized with the mean wind velocity and percentage 
frequency of occurrence at Point Petre for each of sixteen cardinal directions to determine an 
exposure'rating for that location (Table 5.7). 
Point Petre 
Degrees (22.5) 
0 
22.5 
45 
67.5 
90 
112.5 
135 
157.5 
180 
202.5 
225 
247.5 
270 
292.5 
315 
337.5 
Max. Fetch 
Max Fetch Dir. 
Measured 
Fetch (km) 
0.0 
0.0 
0.0 
0.0 
69.6 
80.1 
64.5 
64.4 
60.8 
67.5 
75.1 
124.8 
158.7 
5.2 
4.2 
0.0 
221.5 
257.0 
Effective 
Fetch (km) 
0.0 
0.0 
0.0 
22.6 
50.4 
71.6 
69.5 
63.3 
64.1 
67.8 
88.8 
119.7 
97.9 
54.6 
3.1 
1.3 
Mean Wind 
Velocity (m/s) 
4.1 
4.4 
4.8 
5.0 
4.2 
4.7 
5.1 
6.1 
6.2 
5.4 
5.7 
6.1 
5.4 
5.1 
4.6 
4.0 
% 
Frequency 
5.7 
3.5 
3.4 
4.0 
6.4 
3.5 
3.5 
4.3 
8.2 
5.1 
6.0 
8.3 
16.3 
7.8 
4.8 
3.7 
Exposure 
0.0 
0.0 
0.0 
457.2 
1367.2 
1189.3 
1242.3 
1668.8 
3235.6 
1871.6 
3024.3 
6132.8 
8606.1 
2185.1 
68.5 
20.4 
31069.2 
Table 5.7 - Example exposure calculation for Point Petre, ON 
Two calculations were tried which utilized different ranges of values of effective fetch 
to examine differences in the exposure value. The first modified effective fetch calculation 
used values at 22.5° and 45° on either side of the normal (Table 5.8) while the second used only 
a value of 22.5° on either side of normal (Table 5.9). The resulting value from each of the 
calculations was then used to rank the locations in order of their exposure rating and is shown 
in relation to the generalize shoreline classification material. 
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Location (1s t Exposure) 
Presquile Bay 
Wellers Bay 
West Lake 
Nicholson I. NE 
Wellers Bay N. Is 
Barcovan Beach 
PrPP Beach 
PrPP SE Side 
Soup Harbour 
Athol Bay 
Hyucks Bay 
North Shore L.ON 
North Beach 
PrPP End Beach 4 
Wellers Bay - Main 
Wellington Coast 
PrPP Island SW 
Wellington Bar 
West Point 
Point Petre 
Nicholson Is. SW 
Salmon Point 
Ice Free 
444.82 
571.06 
880.78 
7395.48 
10969.12 
11276.73 
14373.23 
15504.93 
15566.04 
16691.92 
18308.24 
19288.76 
20487.76 
21219.82 
22795.32 
23595.12 
25456.60 
26007.73 
27869.44 
29199.17 
31460.44 
31688.28 
Year 
515.78 
704.17 
1058.98 
8525.78 
13213.75 
13123.25 
18108.49 
18339.80 
19209.79 
20839.02 
22854.19 
23820.98 
25720.54 
25772.31 
27995.98 
28780.67 
31073.20 
32233.86 
34641.99 
35927.22 
38631.72 
39164.05 
Coastal 
Classification 
Eb 
Cb 
Mixed 
Sb 
Eb 
Eb 
Sb 
Cb 
Mixed 
Cb 
Cb 
Sb 
Eb 
Eb 
Sb 
Eb 
Eb 
Eb 
Eb 
Table 5.8 - First exposure rating classification for locations along the Prince Edward County coast 
Location (2nd Exposure) 
Presquile Bay 
Wellers Bay 
West Lake 
Nicholson I. NE 
Wellers Bay N. Is 
Barcovan Beach 
PrPP SE Side 
PrPP Beach 
Soup Harbour 
Athol Bay 
North Shore L.ON 
Hyucks Bay 
North Beach 
PrPP End Beach 4 
Wellers Bay - Main 
Wellington Coast 
PrPP Island SW 
Wellington Bar 
West Point 
Point Petre 
Nicholson Is. SW 
Salmon Point 
Ice Free 
440.79 
598.61 
900.12 
6986.76 
10248.55 
11086.17 
14336.92 
14903.20 
16021.11 
17357.79 
19861.56 
20753.42 
21810.51 
22576.60 
23938.88 
24119.66 
25913.33 
28038.40 
30256.85 
31069.16 
32768.63 
33652.99 
Year 
509.60 
737.69 
1086.10 
8072.68 
12149.60 
12803.42 
16786.73 
18890.36 
19738.50 
21724.83 
24507.72 
25999.58 
27517.07 
27537.80 
29399.58 
29471.48 
31723.77 
34863.69 
37777.73 
38449.05 
40446.50 
41856.82 
Coastal 
Classification 
Eb 
Sb 
Mixed 
Eb 
Sb 
Eb 
Sb 
Mixed 
Cb 
Cb 
Cb 
Sb 
Eb 
•Eb 
Sb 
Eb 
Eb 
Eb 
Eb 
Table 5.9 - Second exposure rating classification for locations along the Prince Edward County coast 
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Using the same twenty locations along the PEC coast (Table 5.10 - Column 1) a third 
exposure rating was applied to each location that compared the effective fetch (Table 5.10 -
Column 2) with the maximum measured fetch (Table 5.10 - Column 3) of a location using the 
qualitative wave exposure category derived from the exposure matrix (Table 5.11) for each 
location along the western shore of Prince Edward County. The exposure rating for each 
location was then related to the coastal classification system (Table 5.10 - Column 4) and 
Figure 
3rd Exposure rating 
Location 
Presquile Bay 
Wellers Bay 
Nicholson Is. NE 
Wellers Bay -N Is. 
Barcovan Beach 
PrPP Beach 
PrPP SE Side 
Soup Harbour 
Athol Bay 
Hyucks Bay 
North Beach 
North Shore L.ON 
PrPP End Beach 4 
Wellers Bay - Main 
Wellington Coast 
PrPP Island SW 
Wellington Bar 
West Point 
Point Petre 
Nicholson Is. SW 
Salmon Point 
Effective Fetch 
2.31 
2.50 
8.08 
62.59 
41.97 
57.05 
44.27 
51.58 
37.58 
74.29 
101.48 
62.44 
39.04 
67.98 
80.64 
64.18 
65.65 
65.22 
95.41 
90.86 
78.66 
Maximum Fetch 
114 
3.4 
110 
179.8 
107.2 
183.3 
135 4 
205.7 
217.6 
197.9 
197.2 
181.2 
183.5 
193.5 
194.5 
180.5 
212.6 
213.3 
221.5 
194.8 
214.2 
Rating 
Semi-exposed 
Very Protected 
Semi-exposed 
Exposed 
Semi-exposed 
Exposed 
Semi-exposed 
Exposed 
Semi-exposed 
Exposed 
Exposed 
Exposed 
Semi-exposed 
Exposed 
Exposed 
Exposed 
Exposed 
Exposed 
Exposed 
Exposed 
Exposed 
Coastal 
Classification 
Eb 
Sb 
Mixed 
Sb 
Eb 
Eb 
Sb 
Cb 
Cb 
Mixed 
Cb 
Sb 
Eb 
Eb 
Sb 
Eb 
Eb 
Eb 
Eb 
Table 5.10- Effective fetch and shoreline exposure for locations along the Prince Edward County Coast 
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Maximum fetch 
(km) 
<10km 
10 - 50km 
50 - 150km 
>150km 
Modified effective 
fetch (km) 
<1 
Very Protected 
N/a 
N/a 
N/a 
l -10km 
Protected 
Semi-protected 
Semi-exposed 
N/a 
10 - 50km 
N/a 
Semi-protected 
Semi-exposed 
Semi-exposed 
50 -150 
N/a 
N/a 
Semi-exposed 
Exposed 
>150 
N/a 
N/a 
N/a 
Exposed 
Table 5.11 - Exposure rating system (Modified from LUCO, 1999) 
Semi - Exposed 
Very Protected 
Sb - Sand Beach: Barrier Bar with dunes; locally mixed with gravel to cobble 
Cb - Coarse Beach: generally limestone gravel, cobble, shingle sized material 
Eb - Exposed bedrock: limestone bedrock cliff (0.5 - 5m high); locally with 
platform extending lakeward; and/or with cobble storm berm at rear of 
platform near cliff or coarse beach 
I Mixed shoreline - Vegetation - sandy rocky beach with local engineering present 
I En - Engineered structure 
Figure 5.22 - Comparison of exposure ratings and shoreline classification 
5.3 - STWAVE simulation results 
The purpose of applying STWAVE along the Prince Edward County shoreline was to 
examine the change in wave parameters (height, period, direction) between the offshore where 
the wave conditions are fairly constant over a scale of kilometers, and the nearshore, where 
waves are influenced by variations in bathymetry and shoreline orientation. 
Wave simulation images are presented for selected examples from the 40 unique events 
developed from the hindcast data (Table 4.4) with wave height illustrated by colour such that 
contours with blue shades represent low wave conditions and shades of green indicate greater 
wave heights. The wave simulation events selected for discussion were chosen to highlight or 
represent a feature or situation within the simulation grid. The simulation image may illustrate 
a unique feature (e.g. region of high waves) to that set of wave variables or it may represent a 
situation common to several of the simulation outputs (e.g. low waves in the same area 
regardless of wave direction). Bathymetry on the images is depicted with isobaths measured in 
metres (m) while arrows indicate wave direction vectors. Land in the images is shown at solid 
blue and the shoreline is 0 m while the lakes and bays behind the barrier bars along the coast 
are not illustrated in the results. Results are presented for the 100 x 100 m grid that covered the 
entire western coast of Prince Edward County from just west of Presqu'ile Provincial Park on 
the North Shore of Lake Ontario to Point Petre approximately 55 km to the southeast. In 
addition, eight 25 x 25 m grids were developed for specific sites along the coast (e.g. Athol Bay 
or Point Petre) (Figure 4.4). The eight smaller model simulation grids are named for the major 
feature (e.g. - bay or island) located within the grid. 
5.3.1 - Western Shoreline of Prince Edward County 
The western coast of Prince Edward County exhibits a range of coastal environments 
including limestone bedrock cliffs and sandy beaches (Figure 5.1). Generally the coast is 
oriented towards the southwest; a significant fetch (-150 km) can generate significant wave 
heights along the shoreline. Some isobaths along the PEC coast are generally straight and 
parallel to the shore while others are much more irregular and complex. 
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Waves from the southwest (225°) generally approach the shore perpendicular and 
produce relatively homogenous conditions along the coast. However areas of elevated wave 
heights do develop near Salmon Point, midway along the Wellington barrier bar and to a lesser 
degree between Nicholson Island and the Presqu'ile Peninsula (Figure 5.22 and 5.23). The 
increase in wave height near Salmon Point is likely due to wave refraction on the extension of 
the point in the underwater which also appears to be the case along the Wellington barrier. 
Wave height decreases in Popham Bay, Athol Bay and Soup Harbour as well as in the lee of 
Nicholson Island but still appears to allow lm high waves to break along the shore. 
Waves approaching from the southern (180°) sector create a pattern of low energy 
environments in Athol Bay, North of Nicholson Island and in Popham Bay (Figure 5.24 & 
5.25). Using more energetic wave conditions (Height = 2 m; Period = 5.5s) produces a small 
zone of greater wave heights south of Nicholson and Scotch Bonnet Islands above the area of 
complex bathymetry (Figure 5.24). 
The simulation of a larger initial wave (5.5 m) from the west-southwest on the 
boundary of the STWAVE grid produces greater wave refraction and a zone of decreased wave 
heights behind the complex bathymetry south of Nicholson Island (Figure 5.26). A similar 
pattern of a reduction in overall wave height is also observed with the smaller initial wave 
heights (2 - 0.5 m) as the waves travel into Wellington Bay. To the northwest and northeast of 
this nearshore area, larger waves are able to approach closer to the coast. Wave focusing in this 
simulation was greatest in the nearshore zone of Salmon Point although it is further offshore 
than events 22 and 37 (Figure 5.22). In the low energy simulation a very small concentration of 
wave energy can be seen just northwest of Robinson Point (Figure 5.27). The greatest decrease 
in wave energy again is in the lee of Nicholson Island but the zone shifted to the northeast as 
wave approach shifted to the west-southwest. 
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Figure 5.23 - Western Coast of Prince Edward County wave simulation for Event 22 with boundary 
conditions of 2 m high wave with a 7.5s period approaching from the southwest (9 m contour interval) 
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Figure 5.24 - Western Coast of Prince Edward County wave simulation for Event 37 with boundary 
conditions of 0.5 m high wave with a 5.5s period approaching from the southwest (9 m contour interval) 
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Figure 5.25 - Western Coast of Prince Edward County wave simulation for Event 11 with boundary 
conditions of 2 m high wave with a 5.5s period approaching from the south (9 m contour interval) 
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Figure 5.26 - Western Coast of Prince Edward County wave simulation for Event 36 with boundary 
conditions of 0.5 m high wave with a 5.5s period approaching from the south (9 m contour interval) 
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Figmre S.27 - Westerm Coast of Primes Edward County 
conditions of S.5 mm nig 
wave simmlation for Event 3 with boundary 
ing from tine west-southwest (9 mm contour 
amterval) 
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Figure S.28 - Western Coast of 
conditions off ©.5 mm high wave 
County wave simnmlation for Event 38 with boundary 
a S.Ss period approaching from the west-southwest (9 m contour 
int 
Wave advance from the west (270°) results in focusing wave energy and a 
corresponding increase in wave height in the nearshore off Salmon Point, Snider Point - North 
Beach Provincial Park area as well as a smaller zone near the southwest end of the bathymetric 
high in the nearshore zone at approximately the midway point of the Wellington barrier (Figure 
5.28). Areas of low wave heights can be found to the east of Nicholson and Scotch Bonnet 
Islands which creates a zone of decreased wave heights along the shore to the east towards 
Wellington. Lower wave heights result from wave refraction producing distinctive zones to the 
east of the Presqu'ile Peninsula as well as along the northwestern shore of Soup Harbour 
(Figure 5.28 and 5.29. The longer period waves in the simulation appear to experience a greater 
reduction in wave height in the lee of the irregular bathymetry in Wellington Bay. 
The change in initial wave orientation in the final simulation (285°) was' only 15° from 
the western simulation (270°) so the results are similar (Figure 5.30and 5.31). However, the 
slight change in direction does produce larger zones of reduced wave heights for the higher 
wave periods along the southeastern shores of the coast. 
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' wave simulation for Event 3 
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Figure 5.31 - Western Coast of Prince Edward County 
conditions of 2 ma high wave with a 7.5s period approaching 
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Full PEC combination Sim 
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Figure 5.32 - Western Coast of Prince Edward County wave simulation for Event 40 with boundary 
conditions of 0.5 m high wave with a 5.5s period approaching from the west-northwest (9 m contour 
interval) 
5.3.2 - Point Petre and Soup Harbour 
Point Petre represents the southeastern most point on the Prince Edward County coast. 
The shoreline generally consists of exposed bedrock (Eb) locally with a platform extending 
lakeward with cobble storm berms often occurring exposed on top of these platforms (Figure 
5.1). Along the shore of Soup Harbour and Point Petre there is very little sand-sized sediment 
apparent. 
As waves approach Point Petre from the west-northwest, they are first affected by the 
rocky promontory of Salmon Point creating a lower energy wave environment within Soup 
Harbour and along the western shore of Point Petre. Generally wave height appears to 
correspond to bathymetry in the area as waves refract around the limestone headland of the 
point. A second shadow zone is also formed along the southeastern shore of Point Petre as a 
result of Point Petre intercepting and blocking wave approach. In all simulations there was a 
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convergence of wave energy at the end of Point Petre shown by the lighter green colour, 
indicating higher wave heights while a secondary zone of elevated wave heights can generally 
be discerned near the head of Soup Harbour (Figure 5.32 and 5.33). 
Long period waves (7 - lis) with a height greater than 1 m approaching the shore from 
the west appear to allow wave energy to reach further into Soup Harbour. Wave energy in all 
simulations of western waves and all other simulations continues to focus on the bedrock 
headland of Point Petre even at low wave heights and short periods (Figures 5.34 and 5.35). 
Waves arriving at the coast along Point Petre from the southwest bring the greatest amount of 
energy given the long fetch distances (Figure 5.36 and 5.37). The bathymetric rise in the 
nearshore of Point Petre creates a zone where the waves reach similar heights as those found 
further offshore. Waves originating to the south of Point Petre create a low energy zone in the 
lee of Point Petre along the western shoreline (Figure 5.38). 
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Figure S.33 - Point Petre wave simulation for Event 2S with boundary conditions of 2 m high wave with a 
7.S§ 
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Figure 5.34 - Point Petre wave simulation for Event 40 with boundary conditions of 0.5 in high wave with 
5.5s period approaching from the West-Northwest (4 m contour interval) 
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Figure 5.35 - Point Petre wave simulation for Event 2 with boundary conditions off 5.5 mm high wave with 
9.5s period! approaching ffromni the West (4 mm contour 
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Figure 5.36 - Point Petre wave simulation for Event 24 with boundary conditions of 2 m high wave with a 
7.5s period approaching from the West (4 m contour interval) 
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Figure 5.38 - Point Petre wave simulation for Event 28 with boundary conditions of 0.5 m high wave with 
3.5s period approaching from the West-Southwest (4 m contour interval) 
Point Petre Combination Sim 
Wave Height (m) 
STWAVE: Event 1( 0 T: 8.25 TMta: S0.97 I 
— 7/777 7~7\7 7 7.7 7 7 
-17 7 7 7 7 7 7 7-7 7 / / / / 
77 777 7 777 7A7 77 7 7 
Y A/ / / / / / / / / / / V 7 7 7 7.'' 
/ / y~A / / / / / / / / / A / / / / r i _ . . 
/ / / / > < / 7 7 7 7 777X7771111111 / / / / / / , 
/ / / / / / 7 X 7 7 / 7 7 / / y 7 7 / / / / / / / / / / / / / 
>/- , / / / / / / / " / V / 7 7 7 / / / / / / / / / / / / 7 / 7 / 
/ / / / / / / / / / A / / / / / y / y y / y - . • / / - / • / • / 7 7 7 / 
> /V5 , / / / / / / / / > - / / / / / / / / / / / / / / / / / / / 
> / / / / / / / / / / / / V / 7 7 7 7 7 7 7 7 7 7 7 7 7-777 
// / / X / ////// / /yy //////////// /y-/ 
> 7///TV/////////y/////////////7 
/•/_/ / / //y //////// />•/-/-/ 777777777/ 
y / /-A/ / / /vy ////////// /yy-/_/ 77777/ 
7 7 / / 7 > V / / / ' 7 - / V / / / / / / / / / / / / / < / / 7 -' 
/ y / / / / / w / / / / 7 v - / / / / / / / / / / / / >v / ^ 
/ / / / / / / / / - / - / / / / / / /T7"r-rT77 / / / / / . > . 
/ / / v y / / / / / x y / / / / / / / / / / / />•/ / / /: s 
/ / / / / / / / / / / / y v - / y / / / / / / / / / / r / > ^ 
> / / / / > x y / / / / / / / T T V ^ C / / / / / / />' y ^ -
/ / - / / / / / / > / - / . / / / / / / / / X / / / / / / / /_y s r 
/ / / v y / / / / / / /"TV-/ / / / / / / . / / / / / / / / / w /_/ 
> / / / / yy yy / / / / / / > - / / / / / / / x . / J i / / x y / / " / / 
/ . / / / / / / / / > y / / / / / , / / / - / yyy vr;/y / / / /y-y / / 
/ ? y - / / / / / / / / y y / / / / / ? / y / / / / / / / / / / / / y 
/ / / / y y y / / / / / / v / / / / / / // 'A/- / - / / / / / / / / / 
/ / / / / / / / y / / / y y / / / / > y / / / / / • / / / _ / / / / / / • 
/ / / / / / / / /-/. / / ? / / y / / / /y-y-A/ / / / / / w . / / / 
/ / / / / / / / / y-/ / / / / 'yy / / / / / / ! / / / / / / / / 7 / / 
7 7 7 7 7 7 7 7 7 / ! / /• 7 7 7 7 / > / - / . y x y 7- XXy 7 7.7 7 7 /-/-
A / / / / / / / / / ' / 71/ 7 7 7 7 7 7 7 7 7 7 7 7 7 / T V y 7 7 7 7 
/ V 7 7 7 77 7 7,7 7 77 77 7 7 7 7777 7 7 7-7./ 7 77 7 > > V 7 
7 7 7 7 7 7 7 7 7 7 7 7-7-/.JL7 7 7 7 7 7 7 7 7 7 7-77 7 7 7 7 7V 
w - T v y / T y y -/-yy / / 7 / 7' y-y-T^yyy-T-yyy-yyyyyy 
/ / / 7 
•/-yy / 7 / 
77/7/777 
7 77 7-7,7 7 7 
7 7 7 7 7 7-1 7 
7 7 7 7 7 7 7'7 
y y y y 7777 
777 ry~/-7_7 
77777777 
77 7 7 7 777 
7 7./ 7 7/,' / 
7 7 7-7 7 7 7 7 
yyv / 7 ' / y y 
/ 
/ / 
/ / / / 
7 / / / / / / / 
7-77-/ 
7 7 7 7 
7 7 7 7 
7-7-7 7 
7 7 7 7 
7 7 7>-
7 7 7 7 
-7-7-7-7-
[ 
1 
/ / .' 
/ / .' 
/ , ' / 
7 7 7 
/ / 7 
7 7 7 
7 7 7 
7 / 7 
.7 7 7 
/"TV 
2.16 
1.98 
1.80 
1.62 
1.44 
1.26 
1.08 
0.90 
0.72 
0.54 
0.36 
0.18 
0.00 
A 
Y 
Figure 5.39 - Point Petre wave sinmulatioE for Event 16 with boundary conditions of 2 mm high wave with a 
6.5s period approaching froimi the South (4 mm contour interval) 
5.3.3 - Athol Bay 
Athol Bay contains the Outlet barrier bar system with fine to medium grained sand 
exposed at the surface in Sandbanks Provincial Park and is set back approximately four 
kilometers from the limestone headlands at West Point and Salmon Point. A steeper 
bathymetry exists along the southern shore compared to the more gradual and evenly spaced 
isobaths along the north and eastern shores of the bay. 
Waves approaching Athol Bay from the southern quadrant result in the development of 
a zone of reduced wave heights along the head of the bay as well as the southern shore of the 
bay in the model simulations. Waves refract around Salmon Point and then spread out as they 
approach the barrier bar and the north shore of the bay. With the simulation initialized with 
large waves (2 m) the majority of the bay is subject to reduced wave heights behind the 
protection of Salmon Point so that the lowest wave heights are found close to the southern 
shore (Figure 5.39). The submarine extension of Salmon Point was also important in these 
simulations as it produced a zone of elevated wave heights due to wave focusing that extends 
toward the offshore zone. A small zone of elevated wave heights was also evident along the 
north shore of the bay just east of West Point. When low wave conditions (0.5 m) are modeled 
at the offshore boundary of the grid, similar wave focusing is evident at Salmon Point but it 
occurred much closer to the shore (Figure 5.40). Salmon Point and its protrusion of an 
underwater shelf also produced a larger zone of reduced wave heights throughout Athol Bay. 
Waves originating from the southwest enter Athol Bay directly and generally resulted in 
a zone of elevated wave heights extending well into the bay. West Point and Salmon Point 
both result in wave refraction towards the respective north and south shores of the bay. Wave 
focusing was still clearly evident in the simulations for both the large (2 m) and small (0.5 m) 
initial wave conditions (Figure 5.41 and 5.42) but again shifting position closer to shore with 
the smaller waves. The reduction in wave heights within the bay was generally more uniform 
around the edges of the bay due to the more regular shallowing however at the longer periods 
the area of reduced wave heights expands due to the influence of the offshore shelf at Salmon 
Point (Figure 5.42). 
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In all simulated wave events from the west-southwest there was again an area of 
increased wave height offshore of Salmon Point. For larger initial wave conditions at the 
offshore boundary, the zone is further out on the submarine shelf whereas at low wave heights 
the wave focusing is closer to the coast. Wave approach to Athol Bay at this orientation is 
directed more toward the southern shore of the bay which also results in the lowest waves 
being found along the north shore of the bay closest to the barrier bar (Figure 5.43). During 
select simulations higher wave heights approached more closely to the south shore than during 
other simulations (Figure 5.44). As in other simulations wave height within the bay appears to 
be related to the regular isobaths which allow a more regular reduction in wave height 
throughout most of the bay. 
Simulations for wave approach from the western sector of Lake Ontario resulted in a 
pattern of wave heights very similar to that produced in the simulations of west-southwest 
events. An interesting feature produced for the high initial wave height simulation was a 
twinning of a zone of elevated wave heights offshore from Salmon Point (Figure 5.45). The 
increased heights of westerly generated waves to the southern shore as well as the reduced 
wave heights along the northern and eastern parts of the bay were also clearly evident. For 
smaller simulated waves a similar pattern exists throughout the bay (Figure 5.46). 
Waves generated from the west-northwest arrived with greater height along the south 
shore of Athol Bay along the limestone bedrock of Salmon Point as West Point now offered 
greater protection for the upper reaches of the bay from the waves arriving from the west-
northwest. This protection again creates a zone of reduced wave height along the northern and 
eastern shores of Athol Bay (Figure 5.47). Wave energy was still focused to create a zone of 
elevated wave heights offshore from Salmon Point but it was not as organized as it was for 
waves generated from other directions. Salmon Point also created a small zone of reduced 
wave height behind it for waves from this direction as waves refracted around the promontory 
(Figure 5.48). 
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Athol Bay wave simulation for Event 21 with boundary conditions of 2 m high wave with a 
7.5s period approaching from the South (6 m contour interval) 
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Figure 5.41 - AthoJ Bay wave simiulatioini for Event 36 witlk boundary conditions of O.i 
le South (6 mm contour interval) 
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Figure 5.42 - Athol Bay wave simulation for Event 12 with boundary conditions of 2 m high wave with a 
5.5s period approaching from the Southwest (6 m contour interval) 
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Figure 5.43 - Atholl Bay wave simnlatioini for Eveimt 27 with tjomumdary comditioms off 0.S mm high wave with a 
3.5s period approaching from the Southwest (6 m contour interval) 
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boundary conditions of 5.5 ma high wave Figure 5.46- Athott Bay wave simmiuiEation for Event 2 • 
9.§s period approaching from tJne West (6 mm contour interval) 
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Figure 5.47 • simulation for Event 39 
5.5s period approaching from the 
of §.5 mm high wave with a 
i m contour interval) 
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Figure 5.48 - Athol Bay wave simulation for Event 25 with boundary conditions of 2 m high< 
7.5s period approaching from the West-Northwest (6 m contour interval) 
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5.3.4 - Wellington Bay 
Oriented in a northwest - southeast direction, the Wellington barrier bar is the largest 
barrier system along the western coast of Prince Edward County and it forms part of Sandbanks 
Provincial Park. Approximately 20 km offshore from the barrier system and southwest of 
Nicholson and Scotch Bonnet Islands in 40 m of water the bathymetry of the lake is more 
irregular than it is closer to shore. There are however also two elevated ridges approximately 
midway along the barrier system oriented normal to the shore which influences nearshore wave 
heights. From the northwest edge of the embayment at Huycks Point, the isobaths generally 
angle to the southeast at West Point across the mouth of the embayment. 
Waves approach from the south experiences little modification in wave height until it 
approaches the 8 - 16 m isobath. The largest wave simulated was a 2 m wave height at the 
offshore boundary of the grid and along most of the shoreline, that height was transformed to 
one of approximately 1.4 m (Figure 5.50). Wave focusing created two zones of greater wave 
heights along the barrier bar. The greater wave heights (-2.15 m) and larger area were located 
on the more southeasterly ridge along the barrier whereas the increase in wave height on the 
more northwesterly ridge was subdued (-1.72 m) while between these two zones was an area 
where wave heights are simulated at -1.13 m, only 56% of the offshore conditions. The areas 
of elevated and depressed wave heights along the barrier were also shown in the simulation of 
the lower wave height boundary condition but the difference between the two zones was 
smaller (Figure 5.50). 
Waves arriving from the southwest were still focused to a greater extent on the 
southeasterly bathymetric high along the barrier bar. The focusing of the waves and resulting 
wave height was more pronounced at the longer periods for both the higher and lower wave 
heights used at the offshore boundary (Figure 5.51 and 5.52). The longer wavelengths also 
produced a larger zone of decreased wave heights along the northwest coast of the bay around 
the town of Wellington. Two other zones of reduced wave height appeared in the higher wave 
height and longer wave period simulation along the barrier bar to the southeast to either side of 
the bathymetric highs. 
183 
The orientation of the large barrier bar at the head of the bay was generally normal to 
waves approaching from a west-southwesterly direction. There was a general convergence of 
wave vectors around the West Point headland in all simulations, but with little change in wave 
height given the short distance over which the bottom rises in the area. Wave refraction along 
the northwestern shore of the bay produced a zone of reduced wave heights in all simulations at 
the northern end of the barrier bar around the Town of Wellington. There were two zones of 
wave convergence along the barrier bar with the southeasterly zone being much more 
pronounced. Waves with larger boundary conditions (4 - 5 m) break off the tip of the 
southeast bathymetric high on the Wellington Barrier whereas waves 2 m and smaller were 
focused along the crest of the high (Figure 5.53 and 5.54). The zones of elevated wave heights 
resulted in the creation of smaller areas of lower wave heights depending on the initial wave 
height and period. Longer period waves produced decreased wave heights across the majority 
of Wellington Bay and along the barrier bar (Figure 5.54). 
Waves generated in the western sector continued to be refracted towards the 
northwestern shore and West Point under both large and small conditions. A similar pattern of 
wave focusing was still found on the southeast bathymetric high point in all simulations (Figure 
5.55). Refraction throughout the bay produced zones of wave height closely associated with 
the bathymetry. The lowest wave heights in all simulations were again found near the northern 
end of the barrier bar near the Town of Wellington (Figure 5.55 and 5.56). Refraction in the 
vicinity of West Point also led to the development of a small zone of reduced wave heights to 
the southeast of the point. 
The elevated wave heights on the southeastern bathymetric high on the barrier bar were 
still evident in the simulations of west-northwesterly waves but it was a more subdued feature 
(Figure 5.57). One area of elevated wave height is simulated over a bathymetric high near the 
edge of the computational grid (Figure 5.58). The zone of decreased wave height within the 
bay generally covered a greater area across the range of simulations, but was most pronounced 
under small wave conditions near the northern end of the barrier and along the northern shore 
of the bay (Figure 5.59). 
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Figure 5.50 - Wellington Bay wave simulation for Event 21 with boundary conditions of 2 m high wave with 
a 7.5s period approaching from the South (8 m contour interval) 
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Figure 5.52 - Wellington Bay wave simulation for Event 22 with boundary conditions of 2 m high wave with 
a 7.5s period approaching from the southwest (8 m contour interval) 
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Figure 5.54- Wellington Bay wave simulation for Event 3 with boundary conditions of 5.5 m high wave with 
a 10.5s period approaching from the west-southwest (8 m contour interval) 
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Figure §.§§- Wellington Bay wave simulation for Event 23 with boundary conditions of 2.0 mm high wave 
with a 7.5s period approaching from the west-southwest (8 m contour 
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Figure 5.56 - Wellington Bay wave simulation for Event 10 with boundary conditions of 4 J m 
with a 9.5s period approaching from the west (8 m contour interval) 
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Figure! gtom Bay wave simulation for Event 39 with boundary conditions off 0.5 mi high wave 
a 5.5s period approaching ffromi the west (8 mm contour interval) 
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Figure 5.58 - Wellington Bay wave simulation for Event 25 with boundary conditions of 2.0 i 
with a 7.5s period approaching from the west-northwest (8 m contour interval) 
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5.3.5 - Nicholson Island 
Nicholson Island is located approximately at the centre of the PEC study area and 
marks a change in coastline direction as at this point its position is shifted to the east 
approximately 13 km towards the barrier bar at the head of Wellington Bay. Nicholson and 
Scotch Bonnet Islands both have exposed bedrock along much of the shore, and the adjacent 
mainland region along the coast. The mainland shoreline in this modeling grid also contains 
sand and coarse beaches. 
Southerly oriented waves created a low energy zone on the north to northeasterly side 
of both Scotch Bonnet and Nicholson Islands (Figure 5.59 and 5.60). In the simulation with the 
higher initial wave height there was a greater reduction in wave height on the approach to the 
islands due to the complex bathymetry associated with the Scotch Bonnet Ridge (Figure 5.59). 
There were several areas of elevated wave height above the complicated bathymetry to the 
southwest of the islands. The higher initial wave condition simulation also produced a definite 
pattern of zones with high and low wave heights to the north of the islands along the coast. 
Refraction around the islands focused wave vectors into Huycks Bay. Low initial wave heights 
produced a similar pattern of reductions in wave heights but the area was much smaller as the 
smaller waves were less affected by the complex bathymetry and were a more consistent height 
through the nearshore zone (Figure 5.60). Longer wave periods resulted in greater change to 
the north of the complex bathymetry southwest of the islands. Wave focusing north of the 
islands was concentrated offshore with larger waves but moved so that wave height is greatest 
near Island Point and Spencer Point (Figure 5.60). 
Wave approach from a southwesterly direction produced a similar pattern of low wave 
heights on the northeasterly side of the islands. At this orientation the wave vectors did not 
appear to pass through the gap between Nicholson Island and the coast but rather were directed 
into Huycks Bay (Figure 5.61 and 5.62). Within an initial high wave condition at the offshore 
boundary of the grid there was a zone of elevated wave heights over the bathymetric high to the 
southwest of the islands in addition to a small area northwest of the islands above another 
bathymetric high. An interesting feature of the simulations was that during the high wave 
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simulation (2 m) there was a small zone of increased wave height in the nearshore off Island 
Point over a protrusion of the isobaths lakeward but that zone of elevated wave heights moves 
ashore under low wave conditions such that the highest waves of the simulation are found at 
that location. A zone of elevated and decreased wave height also appeared over the complex 
bathymetry of the offshore area to the southwest of the Nicholson and Scotch Bonnet Islands 
(Figure 5.61). To the north of the area of low wave heights in Pleasant Bay a narrow band of 
elevated wave heights appeared during the simulation of 0.5 m waves at Island Point (Figure 
5.62). 
Wave approach from the west-southwest again produced a complex pattern of zones of 
elevated and decreased wave heights in the region. The slightly deeper depths to the northwest 
of Nicholson Island generally allowed waves with a greater height to travel closer to shore 
before the waves refracted and spread out within Pleasant Bay. An interesting pattern of high 
and low wave heights was again simulated offshore as the waves were refracted around the 
bathymetric high producing zones of elevated wave heights to the north and south of an area of 
depressed wave elevation (Figure 5.63). This pattern was only created during the simulation of 
high waves (5.5 and 4 m) as it was not seen during the modeling of a 2 m wave event where the 
centre area became an area of elevated wave height (Figure 5.64). Within the initial low wave 
condition (0.5 m) and a high period (7.5s) simulation there were a similar focus of wave 
heights on Island Point and a zone of low wave heights to the northeast of Nicholson Island 
extending to the mainland. A complicated pattern of wave heights also developed in this 
simulation along the shoreline north of the islands with several small areas of increased wave 
heights (Figure 5.65). 
Waves originating from a westerly direction produced a shift in the shadow zone to the 
east of Nicholson Island creating an area of low wave heights that extended eastward along the 
coast of the mainland. It appeared from the wave direction vectors in these simulations that 
waves pass through this area of low wave heights in the gap between Nicholson Island and the 
mainland. The complicated pattern of wave heights was again evident over the complex 
offshore bathymetry with areas of wave focusing resulting in increased wave heights over some 
of the submarine rises. Waves also passed through the deeper bathymetry north of Nicholson 
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and spread out into Pleasant Bay with refraction leading to a focusing of the waves on Island 
Point and Huycks Point. Refraction around Nicholson and Scotch Bonnet Islands began 
offshore to the southwest of the islands and reoriented wave approach to the north shore of 
Wellington Bay (Figure 5.66). Under lower wave conditions a similar zone of reduced wave 
heights was simulated east of the islands against the mainland. The increase in wave heights 
near Island Point was also evident in this simulation and longer period waves resulted in a 
greater area of reduced wave heights (Figure 5.67). 
West-northwesterly waves resulted in the large shadow zone to the east of the islands 
and there was wave focusing near Island Point. Refraction around Nicholson Island redirects 
waves toward the northern shore of Wellington Bay. The pattern of elevated and lowered wave 
heights continued in these simulations north and southwest of Nicholson Island (Figure 5.68). 
With a high wave height and high period, a second zone of increased wave heights developed 
north of Nicholson Island in the area of North Beach Provincial Park. The use of a low wave 
height for the model boundary condition resulted in the reduction of the area with increased 
wave heights offshore from North Beach Provincial Park, but the continued existence of those 
near Island Point. As seen with other simulations, long wave periods produced a larger area of 
reduced wave heights (Figure 5.69). Waves in the west-northwest simulations also appeared to 
be able to pass through the gap from west to east between Nicholson Island and Huycks Point. 
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lure 5.60- Nicholson Island wave simulation for Event 21 with boundary conditions of 2.© m high wave 
with a 7.5s period approaching from the south (7 m contour interval) 
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Figure 5.62- Nicholson Island wave simulation for Event 22 with boundary conditions of 2.0 m high wave 
with a 7.5s period approaching from the southwest (7 m contour interval) 
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Figure 5.63- Nicholson Island wave simulation for Evemt 37 with boundary conditions of 0.5 ran high wave 
with a 7.5s period approaching from the southwest (7 m contour 
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Figure 5.64- Nicholson Island wave simulation for Event 3 with boundary conditions of 5.5 m high 
with a 10.5s period approaching from the west-southwest (7 m contour interval) 
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Figure 5.66- Nicholson Island wave simulation for Event 38 with boundary conditions of 0.5 m high wave 
with a 7.5s period approaching from the west-southwest (7 m contour interval) 
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Figure 5.67- Mand wave simmuEatioiii) for Event 4 wntttn boundary conditions of 5.5 m high wave 
with a 10.5s period approaching from the west (7 in contour interval) 
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'igure 5.68- Nicholson Island wave simulation for Event 39 with boundary conditions of 0.5 m high wave 
with a 5.5s period approaching from the west (7 m contour interval) 
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Figure 5.70 - Nicholson Island wave simulation for Event 40 with boundary conditions of 0.S m high wave 
with a 5.5s period approaching from the west-northwest (7 m contour interval) 
5.3.6 - Weller's Bay 
Weller's Bay is near the northwestern end of the PEC study area and the majority of the 
shoreline consists of a sandy beach (Sb) on a barrier bar that separates Weller's Bay from Lake 
Ontario. The southern end of this section of shoreline consists of exposed bedrock platform 
and coarse beach. The northern end of the barrier system has a boating channel to Weller's Bay 
which is the only maintained channel along the shoreline besides the channel through the 
Wellington barrier bar to West Lake. 
Waves approaching from the south entered the area almost unimpeded except for the 
influence of Nicholson Island region just outside the grid boundary. The extension of 
Robinson Point as a bathymetric high led to a convergence of waves in the region. There was a 
slight increase in wave height in the 2 m wave simulation offshore from the point between 4 -
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8 m depth, but the elevated wave heights were closer to shore in the low wave simulation 
(Figure 5.70 and 5.71). An area of high waves was also evident over a bathymetric high near 
the centre of the model grid. To the north of Robinson Point along the barrier bar there was a 
region of decreased wave heights as the waves refracted towards the shore. There was also a 
narrow zone of reduced wave height to the north of Bald Head Island at the end of the barrier 
bar near the maintained channel (Figure 5.70). For a 2 m boundary condition wave, the depth 
over which it decreases to a height below 2 m varied with the wave period. For a 2 m wave 
with a period of 5.5 seconds, the change in wave height occurred between the 8 m and 12 m 
isobaths (not shown) whereas for a 6.5 s period the change occurred around the 16 - 20 m 
isobaths (not shown) while for a 7.5 s period the majority of the simulated grid was below a 2 
m wave height (Figure 5.70). Southerly oriented waves had an almost normal approach to the 
shore at northern end of the Weller's Bay area and the shoreline to the east of the grid heading 
toward the Presqu'ile Peninsula. At a lower initial wave condition, many of same features were 
evident in the simulation. One of the more interesting points in this simulation was the focusing 
of waves on Robinson Point to create the highest waves along the shoreline. There was a very 
consistent wave height across much of the simulation grid but there was a gradual change in 
wave height with period between 12 - 16 m water depths. There was also one small area of 
increased wave heights near the centre of the grid over a bathymetric high (Figure 5.71) 
The generation of waves in the southwest quadrant produced a very direct approach into 
this section of the study region. Waves were focused around Robinson Point between the 4 - 8 
m isobaths and produced a small region of reduced wave heights close to shore. Offshore 
bathymetric highs create two small areas of increased wave heights in the simulation while 
there was again a small zone of depressed wave height along the barrier bar, north of Robinson 
Point. A larger zone of reduced wave heights extended from near the access channel at the 
north end of the barrier system to the east above the 8 m isobath (Figure 5.72). A similar 
pattern occurred under low wave conditions (Figure 5.73) including a change in wave height 
near a 16 m water depth. 
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Waves approaching this section of shoreline from the west-southwest refract due to 
offshore bathymetry that modifies its approach the barrier system. Under elevated boundary 
wave conditions (e.g. 5.5 m), offshore submarine highs produced several areas of increased 
wave height to the west of the barrier system. Additionally, two smaller regions of reduced 
wave heights developed under the same conditions but closer to shore (Figure 5.74). The zone 
of decreased wave heights extended offshore from the barrier to approximately a 12 m water 
depth The convergence of waves on Robinson Point also occurred in this simulation at both 
the high and low wave events (Figure 5.75). The same offshore bathymetric rise that created 
the decrease in wave heights during the elevated boundary wave conditions produced an area of 
increased wave heights during the low boundary wave conditions (Figure 5.75). 
Model simulations of waves approaching the Weller's Bay area from the west produced 
a similar pattern of results as identified in other simulations. Refraction of the westerly 
approaching waves took place over the offshore bathymetry producing a generally shore 
normal approach along the length of the barrier system. Several areas of increased wave 
heights were identified and related to offshore shoal areas (Figure 5.76). The low wave 
simulation for west-northwesterly waves also demonstrated a feature that appeared in several 
other simulations, an extension of higher waves towards the middle of the barrier system before 
a gradual reduction in wave height about the 8 m isobath (Figure 5.77). 
The event simulations for waves originating from the west-northwest showed a great 
deal of refraction over the bathymetry offshore from the Weller's Bay barrier system. Waves 
experienced greater refraction under high waves with longer periods and thus had a more shore 
normal approach to the barrier system than during low wave heights and long periods (Figure 
5.78 and 5.79). However a similar pattern to other simulations showing regions with high and 
low wave heights was evident along the coast and offshore. 
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Weller's Bay wave simulation for Event 21 with boundary conditions of 2 m high wave with 
7.5s period approaching from the south (4 m contour interval) 
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'igure 5.73 - Welter's Bay wave simulation for Event 22 with boundary conditions of 2 m high wave with a 
7.5s period approaching from the southwest (4 m contour interval) 
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Figure 5.75 - Weller's Bay wave simulation for Event 3 with boundary conditions of 5.5 m high wave with ; 
10.5s period approaching from the west-southwest (4 m contour interval) 
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Figure 5.77 - Weller's Bay wave simulation for Event 10 with boundary conditions of 4.0 m high wave with 
a 9.5s period approaching from the west (4 m contour interval) 
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Figure 5.79 - Weller's Bay wave simulation for Event 25 with boundary conditions of 2.0 m high wave with 
a 7.5s period approaching from the west-northwest (4 m contour interval) 
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Figure 5.80 - Weller's Bay wave simulation for Event 40 with boundary conditions of 0.5 ran high wave with 
img the west-northwest (4 mm contour interval) 
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5.3.7 - Presqu'ile Peninsula 
Presqu'ile Peninsula is at the northwestern end of the PEC study site to the west of 
Weller's Bay and almost entirely within Presqu'ile Provincial Park. The peninsula is a tombolo 
composed of fine and medium grained sand that forms the beaches and dunes along the 
Western side of the peninsula while the southern shore is a low limestone cliff and platform 
which was the offshore island before the formation of the tombolo. No attempt was made to 
model waves on the shallow protected waters of the interior bay behind the peninsula. 
Waves originating from the south arrived almost directly normal to the shore along the 
northern coast of Lake Ontario to the east of the peninsula as well as along the southern shore 
of the peninsula. As the waves traveled north toward the peninsula they refracted around High 
Bluff Island and turn inward toward Gull Island and the beach located on the western side of 
the tombolo. High Bluff and Gull Islands to the southwest resulted in the creation of a zone of 
low wave heights that extended from the islands to the northern limit of the westerly oriented 
beach of Presqu'ile Provincial Park (Figure 5.80). There was also refraction around the eastern 
tip of the Peninsula towards the shoreline leading to Weller's Bay. Two bathymetric highs (-14 
m) to the southwest and west of the region create two zones of elevated wave heights. The 
refraction was just as evident during the low wave height simulations, but during the highest 
wave period simulation several small locations of elevated wave heights appeared along the 
southern shore of the peninsula as well as on the north side of Gull Island (Figure 5.81). 
Wave movement into Popham Bay on the western side of the Presqu'ile penisula from a 
southwesterly orientation produced a zone of reduced wave heights into the bathymetric bowl 
surrounded by the western side of the peninsula. There were similar features to waves from a 
southerly approach such as the elevated wave heights over the bathymetric highs to the 
southwest and west as well as the strong refraction around High Bluff Island (Figure 5.982). 
The change in wave orientation resulted in the creation of a smaller zone of reduced wave 
heights within Popham Bay. Additionally during the high wave long period simulation (Figure 
5.82) a narrow band of elevated wave heights was evident approaching the north shore of Lake 
Ontario just to the east of the Provincial Park. An interesting feature that developed during the 
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simulation of a low boundary wave condition was the wave focusing that resulted on the north 
side of Gull Island. The wave focusing occurred over the western extension of the 7 m isobath 
and continued east before refracting toward shore (Figure 5.83. The small isolated areas of 
elevated wave heights along the southern shore of the peninsula that appeared under waves 
approaching from a southerly direction were also visible in this simulation. 
Waves from a west-southwesterly direction approached almost directly through 
Popham Bay to the beach at Presqu'ile Provincial Park. The influence of the bathymetry to the 
southwest of the peninsula was more evident on wave conditions in several of the simulations 
for this orientation. Similar areas of increased wave heights appeared as in the previous wave 
orientations but for simulations with longer wave periods there was greater refraction indicated 
by the wave vectors (Figure 5.84). The extension of higher waves toward the north shore of 
Lake Ontario as well as the zone of reduced wave heights within the bay was also evident in 
this simulation. The wave focusing onto Gull Island off the western extension of the 7 m 
isobath occurred again in the simulation of the low initial wave height (Figure 5.85). However 
the same western extension produced an area of reduced wave heights when high wave heights 
(4 - 5 m) were used as the boundary conditions (Figure 5.84). Under waves from this direction 
the High Bluff and Gull Islands now led to the development of a sheltered zone to the east with 
a zone of reduce wave heights clearly evident in the simulations. 
Waves approaching the Presqu'ile Peninsula from the west generally travel parallel to 
the north coast of Lake Ontario toward the peninsula. Refraction of westerly waves over 
bathymetric highs to the west of the peninsula produced a movement into Popham Bay. In the 
simulations west of the peninsula, the easterly traveling waves refracted to the northeast before 
refracting again into Popham Bay and refracting again toward the southeast to strike Gull 
Island. A zone of elevated wave heights also developed over a bathymetric high to the west of 
the peninsula similar to other simulations of the region (Figure 5.86). The westerly submarine 
extension of the 7 m isobath again produced a zone of decreased wave height for higher waves 
(4-5 m) while at lower waves (0.5 - 2 m) produced a similar focusing of waves toward Gull 
Island. Refraction of waves around High Bluff Island also resulted in waves traveling in a 
northerly direction in the simulations (Figure 5.86 and 5.87) and the development of a zone of 
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reduced wave heights behind the islands. Simulations of both high and low boundary condition 
waves generally illustrated waves passing parallel to the south shore of the peninsula before 
refracting around the eastern tip. 
In the simulation of waves generated from a west-northwesterly direction many of the 
same features around the Presqu'ile Peninsula that are found in the simulation of other wave 
orientations are also evident here (Figure 5.88 and 5.89). High Bluff and Gull Islands do 
however provide much more protection which resulted in a greater area south of the peninsula 
having reduced wave heights. Decreased wave heights are also found along the north shore of 
the lake west of the peninsula that may be related to changes in shoreline orientation (Figure 
5.88 and 5.89). 
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Figure S.81 - Presqun'ile Pemimsula wave siniMlatioim for Eveimt 21 with bouMary comditioms of 2.© mm higli 
wave with a 7.5§ period approactoiimg from the (7 mi comtoiur imtervaJ) 
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'igere 5.82 - Presqu'ile Peninsula wave simralatiomi for Event 36 with boundary conditions of 0.S mm high 
wave with a §.§§ period approaching froinn the south (7 mm contour interval) 
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Figure 5.83 - Presqu'ile Peninsula wave simulation for Event 22 with boundary conditions of 2.0 m high 
wave with a 7.5s period approaching from the southwest (7 m contour interval) 
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Figure 5.84 - Presqu'ile Peninsula wave simulation for Event 37 with boundary conditions of 0.5 m high 
wave with a 5.5s period approaching from the southwest (7 m contour interval) 
Presquile Point Combination Sim 
Wave Height (m) 
BTOAVE S.oi.tSH 4 88 T 18 88 T - K J C.(3t I M L ' . T 8.80 
11 Mi^il:;;.:.:.:.;:.:.,..:.".;:.;.'..>.......: 
;:T:^::;:_^:;:u:n~:^;::^::"';:*>.^,^::.:.::;:;:: 
;L;^:::;"2^"^^ip_^>x::iC-.i:i>:'.i;';i ; -','//, 
• • - - - — . 
* _ . - - ; - * _ .* . " ' J * . » *
 f " -* * ' * * ' ? * . - ' ' * •" ' 
4.64 
4.25 
3.86 
3.48 
3.09 
2.70 
2 3 2 
1.93 
1.55 
1.16 
0.77 
0.39 
0.00 
A 
Figure S.8S - Presup'ile Pemiimsiiiila wave simnntnlaftioim for Event 9 with tooumidairy conditions of 4J 
wave witlk a 9.5s period approaching from the west-southwest (7 m comtoiur interval) 
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Figure §.87 - Presqu'ik Peninsula 
wave with a 7.f 
simmulation for Event 24 with boundary conditions of 2.0 mm high 
approaching firomm the west (7 ram contour i 
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5.4 - Littoral Cell definition 
The STWAVE simulations of the derived wave events for the western shore of Prince 
Edward County were also be used to investigate and delineate littoral cells along the coast. 
Within each of the study grids along the coast, sites referred to as 'stations' were selected along 
the length of the shoreline for which information such as wave height, period and angle are 
saved by the program. Each grid had a unique number of stations, but the station locations 
were all selected in an attempt to keep depth and spacing uniform and also to try and capture 
unique characteristics of the shoreline (Figure 5.90). Results for each station were output as a 
graph indicating the wave angle, wave period and wave height for that station during each of 
the 40 simulations (Figure 5.91). The data from the individual graphs were used to create a 
table that shows the angle, height and period for each of the stations during each simulation 
(Table 5.12). 
At each station an angle was recorded in reference to the X/Y axis used by the model. 
Wave propagation direction convention within the model is that output values to either side of 
the x-axis are either positive or negative (Figure 5.92 and 5.93). The wave angle at each station 
was used to estimate the direction of movement within a littoral cell. For example, during 
event 21 when waves were approaching Athol Bay from the south there was a change in wave 
angle between Station 15 and 16, at the head of the bay suggesting a boundary for a cell near 
this location (Table 5.12). Examination of the wave approach angles in Table 5.12 suggests 
that the boundary shifts between stations 13 and 16. 
The following sections present the results of the angles measured in the simulation at 
each of the station locations along the shoreline of Prince Edward County. On each of the 
images, red arrows indicate positive angles or angles to the left of the x-axis while yellow 
arrows indicate negative angles or angles to the right of the x-axis. Black arrows on the image 
indicate when a station was recorded with an angle of 0° in relation to the axis or shore normal. 
The arrows are only representative of the wave propagation angle and do not indicate any 
specific angle. The angles from one simulation are not comparable to another because the x-
axis for each grid is unique. From the 40 wave events selected, events 21-25 with an initial 
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wave height of 2 m and a wave period of 7.5 seconds, was used to illustrate the wave 
propagation angles at each station for each of the five directions used in this study (south, 
southwest, west-southwest, west, and west-northwest). 
Athol_Bay_Combination_Sim 
Wave Height (m) 
Figure 5.91 - Stations locations within the Athol Bay study grid. Athol Bay had 29 stations identified from 
Station 1 at the North (top) end of the grid to Station 29 at the South (bottom) end. Model image is for event 
21 with X and Y model axis shown 
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Figure 5.92 - Model output for Station 15 at the head of Athol Bay: Wave angle (top); wave period (centre) 
and wave height (bottom) 
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Event 
Wave Direction 
Athol Bay Station 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
21 
S 
13 
8 
11 
6 
16 
32 
42 
40 
40 
34 
37 
36 
20 
7 
2 
-4 . 
-7 
-12 
-12 
-14 
-26 
-49 
-52 
-56 
-46 
-20 
34 
33 
27 
22 
SW 
-1 
-5 
-4 
-8 
0 
18 
32 
33 
33 
28 
32 
32 
15 
2 
-4 
-11 
-14 
-18 
-17 
-20 
-31 
-52 
-55 
-60 . 
-51 
-36 
24 
21 
16 
23 
WSW 
-11 
-13 
-13 
-16 
-9 
12 
28 
30 
30 
24 
30 
30 
13 
0 
-6 
-14 
-17 
-21 
-20 
-24 
-35 
-55 
-58 
-63 
-58 
-44 
18 
14 
10 
24 
W 
-19 
-21 
-22 
-24 
-16 
6 
24 
27 
27 
22 
27 
29 
12 
-2 
-8 
-16 
-20 
-24 
-23 
-27 
-38 
-58 
-61 
-67 
-64 
-51 
11 
7 
4 
25 
NW 
-23 
-25 
-16 
-29 
-21 
3 
23 
26 
26 
20 
26 
28 
11 
-3 
-10 
-18 
-21 
-25 
-24 
-29 
-40 
-60 
-63 
-68 
-66 
-55 
5 
2 
0 
Table 5.12 - Model output for the 29 stations on the Athol Bay boundary grid for the wave simulation 
events 2 1 - 2 5 
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Figure 5.93 - STWAVE Orientation and Angle Conventions (Smith, 2000) 
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Figure 5.94 - Example STWAVE angle conventiom for Afthol Bay 
5.4.1 - Prince Edward County 
The overall pattern of wave propagation direction is generally consistent along the 
entire length of the shoreline at this resolution and for the five directions used in the 
simulations (Figure 5.94). There are however subtle variations in wave propagation angle 
direction at individual stations depending on the wave orientation of the simulation (Figure 
5.95). 
Results of the coarse grid indicated that waves propagate into Popham Bay on the west 
side of the Presqu'ile peninsula while they were directed along its southern shore towards 
Weller's Bay to the east (Figure 5.94). Wave approach to the shore between Weller's Bay and 
Nicholson Island was generally oriented in a northerly direction (Figure 5.95). For southerly 
waves, angles along the shoreline on the northern side of Wellington Bay exhibited a somewhat 
chaotic pattern at this scale between Nicholson Island and the large barrier bar to the east 
(Figure 5.95). However as the wave orientation became more westerly the angles of the waves 
at the stations became much more uniformly directed along the coast to the east (Figure 5.96). 
Wave approach angles along the large barrier bar at the head of Wellington Bay were 
consistent in their direction of propagation regardless of the simulation event (Figure 5.94 -
5.96). Overall within Athol Bay, the waves approached at negative angles to the x-axis except 
for one station which was a consistently positive angle near the northern end of the barrier bar 
at the head of the bay (Figure 5.94 - 5.96). Wave approach near Salmon Point was generally to 
the right of the axis in the simulations as was the wave propagation angle along the 
southeastern shore of Soup Harbour. The north shore of Soup Harbour and the southeastern 
side of Point Petre displayed positive wave propagation angles that were consistent within the 
five simulated events (Figure 5.94 - 5.96). 
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Full PEC New Station Test 
Wave Height (m) 
Figure 5.95 - Wave propagation direction for Event 22 - 2 m high waves with a 7.5 s period directed at the 
shoreline from a southerly direction. Dashed black circles highlight differences in wave propagation angles. 
(9 m contour interval) 
Figure 5.96 - Wave propagation direction for Event 22 - 2 m high waves with a 7.5 s period directed at the 
shoreline from a south-westerly direction. Dashed black circles indicate differences in wave propagation 
angles. (9 m contour interval) 
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Figure 5.97 - Wave propagation direction for Event 24 - 2 m high waves with a 7.5 s period directed at the 
shoreline from the west (9 m contour interval) 
5.4.2 - Point Petre and Soup Harbour 
The wave event combinations were run on two grids for this region, the first focused 
specifically on Point Petre but included Soup Harbour to the northwest, and the second focused 
on Soup Harbour. Events 21 and 22 with wave propagation directions at the grid boundary of 
south and southwest had positive angles at all stations (Figure 5.97). As the origin of the waves 
shifted toward the west, wave angles at the stations on the western side of Point Petre and the 
eastern side of Soup Harbour showed some station locations switching to a negative angle 
relative to the x,y axis (Figure 5.98 and 5.99). The simulations focused on Soup Harbour 
produced comparable results to the Point Petre outcomes. The simulation of event 21 had all 
the wave propagation angles directed into the bay and although the angles are different due to 
the change in grid orientation the direction of wave propagation into the bay was similar 
(Figures 5.100 - 5.102). The results of these simulations (Figures 5.97 - 5.102) had a 
comparable pattern to that seen in the simulation of the entire Prince Edward County shoreline 
(Figures 5.94-5.96). 
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Figure 5.98 - Wave propagation direction: Event 21 and 22 simulation result: 2 m high waves with a 7.5 s 
period directed at the shoreline from a southerly and southwesterly direction (4 m contour interval) 
Point Petre Combination Sim 
Wave Height (m) 
Figure 5.99 - Wave propagation direction: Event 23 simulation result: 2 m high waves with a 7.5 s period 
directed at the shoreline from a west-southwesterly direction (4 m contour interval) 
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Figure 5.100 - Wave propagation direction: Event 25 simulation result: 2 m high waves with a 7.5 s period 
directed at the shoreline from a west-northwesterly direction (4 m contour interval) 
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Figure 5.101 - Wave propagation direction: Event 21 simulation result: 2 m high waves with a 7.5 s period 
directed at the shoreline from the south 
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Figure 5.102 - Wave propagation direction: Events 22 and 23 simulation result: 2 m high waves with a 7.5 s 
period directed at the shoreline from the southwest and west-southwest 
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Figure 5.103 - Wave propagation direction: Events 24 and 25 simulation result: 2 m high waves with a 7.5 s 
period directed at the shoreline from a west-northwesterly direction 
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5.4.3 - Athol Bay 
x
 A similar pattern was evident in the 29 stations over all five direction simulations in 
Athol Bay. The north shore of the bay, stations 6-12 were continually positive relative to the 
grid axis (Figure 5.103 - 5.106). Stations 1-5 including the stations at West Point and those 
north of the point, shifted direction from positive during event 21 to negative angles during the 
remaining four direction events. Negative angle values were also evident along the southern 
coast of the bay during each of the five simulations. Stations 27 - 29 on the southeast side of 
Salmon Point were also continually positive angles during the simulations. At the head of 
Athol Bay along the beach of the barrier bar the change from positive to negative angle shifted 
position relative to wave propagation direction (Figure 5.103 - 5.106). When waves originated 
from the south the change in angle along the beach occurred between station 15 and 16 whereas 
when waves are arriving from the west-northwest, the angle change took place further 
northwest on the beach between stations 13 and 14. The overall pattern of the Athol Bay 
simulation is similar to the results the region on the larger simulation grid for the entire Prince 
Edward County coastline (Figures 5.94 - 5.96). The resolution of the entire coast simulations 
was coarser but it still appeared to indicate a change toward the northern end of the barrier bar 
at the head of Athol Bay. 
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Figure 5.104 - Wave propagation direction: Event 21 simulation result: 2 m high waves with a 7.5 s period 
directed at the shoreline from the south (6 m contour interval) 
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Figure 5.105 - Wave propagation direction: Event 22 simulation result: 2 m high waves with a 7.5 s period 
directed at the shoreline from a southwesterly direction (6 m contour interval) 
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Figure 5.106 - Wave propagation direction: Event 23 simulation result: 2 m high waves with a 7.5 s period 
directed at the shoreline from a west-southwesterly direction (6 m contour interval) 
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Figure 5.107- Wave propagation direction: Event 24 and 25 simulation result: 2 m high waves with a 7.5 s 
period directed at the shoreline from the west and west-northwest (6 m contour interval) 
226 
5.4.4 - Wellington Bay 
In the simulation of wave events 2 1 - 2 5 all angles were positive in relation to the x-
axis, angling generally to the northeast and into the bay (Figure 5.107). There were variations 
in the angles at each station, but each of the 42 stations was positive during each of the wave 
events. The angles of the stations along the north shore of the bay were generally larger with 
an average of approximately 57° greater than the five simulations and a range of 18 - 75° while 
the stations along the barrier have a range of 15 - 64° and an average of 36°. The pattern of 
wave angle propagation directions was very similar to the results from the simulations of the 
entire coastline line of Prince Edward County (Figures 5.94 - 5.96). 
Sandbanks_Combination_Sim 
Figure 5.108 - Wave propagation direction: Wave propagation direction for Events 21 - 25 (all directions): 
2 m high waves with a 7.5 s period (8 m contour interval) 
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5.4.5 - Nicholson Island 
The Nicholson Island and the Presqu'ile peninsula grids were the two most complicated 
coastal outlines along the study coast. Wave propagation directions at the selected stations 
along the shore of Prince Edward County in the Nicholson Island region maintained a similar 
pattern in the five direction simulations. Waves from a southern orientation were all positive 
angles relative to the grid axis along the mainland coast and around the island (Figure 5.108). 
As the origin of the waves shifted toward the west, a change occurred in the wave angles 
around Nicholson Island principally on the northern side as well as at one station on the near 
Island Point (Figures 5.109 - 5.111). When compared to the pattern of wave angles generated 
during the simulations for the entire coastline, the angles from the Nicholson Island simulation 
along the mainland were very similar in orientation while those around the island appear to be 
more variable (Figures 5.94 - 5.96). The grid for the entire coast also did not indicate a change 
near Island Point north of Nicholson Island. 
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Figure 5.109 - Wave propagation direction: Event 21 simulation result: 2 m high waves with a 7.5 s period 
directed at the shoreline from the south (7 m contour interval) 
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Figure 5.110 - Wave propagation direction: Events 22 and 23 simulation result: 2 m high waves with a 7.5 s 
period directed at the shoreline from a southwest and west-southwesterly direction (7 m contour interval) 
Nicholson Island Combination Sim 
Wave Height (inn) 
ST.'.'V.^ Srt=l W h : C 3 I •' 2D 7-^-J 
Figure 5.111 - Wave propagatiom direction: E' 
directed at the shoreline from the west (7 im 
65 
43 
.21 
99 
77 
55 
32 
22 
rani, 
/ \ 
X / 
a 7.5 § 
229 
Nicholson Island Combination Sim 
Wave Height (m) 
A 
Figure 5.112- Wave propagation direction: Event 25 simulation result: 2 m high waves with a 7.5 s period 
directed at the shoreline from the west (7 m contour interval) 
5.4.6 - Weller's Bay 
The simulation for Weller's Bay with waves approaching from the south generally 
indicated positive angles at the 18 station locations with shifts in direction around Bald Head 
Island and Robinson Point (Figure 5.112). The pattern of wave propagation compared well to 
the pattern found in the simulations of the entire coast for this region (Figures 5.94 - 5.96). 
Stations 1- 5 on the northern boundary of this grid maintained a positive angle relative to the 
grid axis throughout the simulations. However as the wave orientation shifted to the west the 
wave propagation angles along the barrier bar changed from positive to negative angles 
(Figures 5.113-5.114). The change in wave angle occurred about midway on the barrier bar 
for waves from the southwest but shifted further north for the remaining wave events from the 
west-southwest to the west-northwest. This change in wave propagation direction along the 
barrier was not evident in the simulations of the entire shoreline. 
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Figure 5.113 - Wave propagation direction: Event 21 simulation result: 2 m high waves with a 7.5 s period 
directed at the shoreline from the south (4 m contour interval) 
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Figure 5.115 - Wave propagation direction: Event 23- 25 simulation result: 2 m high waves with a 7.5 s 
period directed at the shoreline from the west-southwest, west and west-northwest (4 m contour interval) 
5.4.7 - Presqu'ile Peninsula 
The five wave direction simulations all produced a positive angle relative to the grid 
axis along the north shore of Lake Ontario and approximately to the mid-point along the beach 
at the head of Popham Bay. A similar pattern of all positive angles was also seen at all the 
stations from near the southwestern end of High Bluff Island, along the southern shoreline of 
the Presqu'ile Peninsula (Figures 5.115-5.118). The variation in wave angles evident in the 
Presqu'ile region simulations occurred at stations 16-26 along the northern side of High Bluff 
Island, Gull Island and the southern portion of the beach on the western side of the peninsula 
(Figures 5.10.7a-d). 
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Figure 5.117 - Wave propagation direction: Events 22 and 23 simmuilation result: 2 ran high waves with a 7.5 s 
period directed at the shoreline from the southwest and west-southwest (7 ram contour interval) 
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Figure 5.118 - Wave propagation direction!: Event 24 simulation result: 2 ram high waves with a 7.5 § 
directed at the shoreline from the west (7 mm contour interval) 
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5.5 - Potential Littoral Transport 
Estimates of the potential littoral transport were calculated for four reaches of shoreline 
with sand-sized sediment in the study area including the beach on the western side of the 
Presqu'ile peninsula and the beaches on the barrier systems in Athol Bay, Wellington Bay and 
at Weller's Bay. For this discussion, Events 36 - 40 will be taken to represent "fair weather" 
conditions along the coast of PEC and these conditions would prevail throughout the majority 
of the year. The conditions simulated in Events 2 1 - 2 5 best represent 'storm' conditions so the 
strength of the waves and resulting potential transport are short (e.g. hours to days) but intense 
events (Table 4.4). It is important to consider both fair weather and storm conditions when 
examining the similarities and differences of potential littoral transport volumes. The estimates 
were made using data from the seven 25 m resolution simulation grids and not the simulation 
grid spanning the entire coast of PEC. The 25 m grids were chosen to get as accurate a wave 
propagation angle relative to the coastline as possible. 
Calculations were performed for a number of combinations for the estimated value of 
K and the breaker index. If the breaker index is held at 0.64 and only the value of K is 
manipulated, there is a change in the volume of potential sediment transport. In this study the 
K value was held at the CERC recommended value of (0.39) so that only results using this 
value will be discussed (Table 5.13). 
Location 
Athol Bay 
Event 
21 
Station 
9 
13 
14 
15 
16 
17 
18 
22 
(K) 
0.39 
0.39 
0.39 
0.39 
0.39 
0.39 
0.39 
0.39 
Breaker 
Index 
0.64 
0.64 
0.64 
0.64 
0.64 
0.64 
0.64 
0.64 
Breaking Wave 
height 
1.38 
0.87 
0.86 
0.93 
0.97 
0.86 
0.85 
0.47 
Breaking wave 
angle 
25 
20 
7 
2 
-4 
-7 
-12 
41 
01 
0.165 
0.044 
0.016 
0.006 
-0.012 
-0.016 
-0.026 
0.014 
m3/day 
14273.1 
3779.5 
1381.9 
484.6 
-1074.1 
-1381.9 
-2256.5 
1249.0 
Table 5.13 - Example output of the littoral transport calculation using the CERC equation for Athol Bay for 
storm wave event 21 
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The calculated values for daily potential littoral transport estimate were then used to 
generate an estimate of annual sediment transport for individual stations. For each of the 
selected shoreline littoral transport estimates, the nearest Lake Ontario hindcast (1961 - 2000) 
station was used to provide the percentage occurrence of wave direction (Table 5.14 - Column 
2) at a particular hindcast station (Table 5,14 - Column 1). The percentage occurrence wave 
approach from the closest hindcast station was then equated to the number of days during the 
year that the waves would approach each station for the five simulated directions (Table 5.14— 
Column 3). The potential littoral transport per day (Table 5.14- Column 6) was then 
combined with the number of days for a particular wave approach to estimate the annual 
potential littoral transport total at that station (Table 5.14 - Column 5) for that wave event 
direction (Table 5.14- Column 7). For example, in Athol Bay the closest hindcast station was 
#216 at which waves were modeled to arrive from the south 5.4% of the time which equates to 
approximately 20 days per year. At station #9 on the north shore of Athol Bay during Event 36 
there is a potential for 531.3 mVday which when extrapolated over 20 days a year would 
produce an annual potential littoral transport volume of 10 625.7 m3/year (Table 6.2). Only the 
'fair weather' littoral transport estimates were used to estimate an annual transport volume 
because those estimates would represent the dominant conditions under which sediment 
transport would occur. 
Hindcast Station 216 
South 
Southwest 
West southwest 
West 
West northwest 
% 
5.4 
9.7 
27.5 
22 
2.7 
#Days 
20 
35 
100 
80 
10 
Event 
36 
37 
38 
39 
40 
Shore Station 
9 
9 
9 
9 
9 
m3/Day 
531.3 
659.6 
515.9 
315.3 
210.1 
m3/year 
10625.7 
23085.9 
51594.7 
25223.3 
2101.4 
Total 
112631.0 
Table 5.14 - Example output for annual potential littoral sediment transport at Station 9 in Athol Bay using 
information from hindcast station 216 
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5.5.1 - Athol Bay 
In Athol Bay one station was selected on each of the north (Station #9) and south 
(Station #22) sides of the bay while 6 stations (13 -18) at the head of the bay were used in the 
calculation of the littoral transport. The angles on the sides of the bay were both adjusted so 
they were relative to the north or south shoreline. The station on the north side of Athol Bay 
(Station #9) experienced a peak in potential transport of 659 m3/day during southwesterly wave 
approach during fair-weather conditions. As storm waves arrived from the southwest, the 
potential sediment transport at Station #9 increases to a potential value of 19 947.2 m /day. 
Transport was at a minimum during both fair weather (210 m3/day) and storm conditions 
(6794.8 m3/day) along the north shore of the bay when the waves arrived from the northwest. 
Sediment transport along the south shore of Athol Bay in the vicinity of Station #22 peaked 
during fair weather and storm conditions when the waves are arrived from the west and 
decreased to its lowest values during southerly waves (Table 5.15). 
Potential sediment transport volume increased toward the south end of the barrier bar in 
all the simulations with the change in transport direction generally occurring in the vicinity of 
station 14 during both fair weather and storm conditions. During wave events from a southerly 
approach, the change in transport direction occurs around station 15 which was south of the 
where it does for the other events (Figure 5.119). West-northwesterly waves had the least 
potential to move material on the northern end of the barrier during both high and low wave 
events while southerly waves had the least potentially toward the south end of barrier bar. 
Under both simulated conditions, the greatest potential movement occurred under 
southwesterly waves near the north end of the barrier and during westerly waves along the 
south end (Figure 5.119). 
As the littoral currents move down the north and south shores of Athol Bay they 
eventually intersect the north and south trending currents along the barrier system at which 
point the currents are probably redirected lakeward. There is a greater potential for sediment 
transport throughout the year along the south shore as it is exposed to the more predominant 
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westerly wave approaches (Table 5.16). The greatest potential annual sediment transport 
occurs at the southern end of the Athol Bay barrier system at Station #18. 
Locations 
Athol 
Bay 
Station 
9 
13 
14 
15 
16 
17 
18 
22 
9 
13 
14 
15 
16 
17 
18 
22 
9 
13 
14 
15 
16 
17 
18 
22 
9 
13 
14 
15 
16 
17 
18 
22 
9 
13 
14 
15 
16 
17 
18 
22 
Event 
36 
37 
38 
39 
40 
m3/day 
531.3 
135.8 
72.3 
43.9 
0.0 
-27.2 
-41.1 
148.2 
659.6 
195.4 
39.2 
-72.5 
-260.4 
-304.0 
-367.5 
259.6 
515.9 
118.2 
-31.1 
-156.7 
-393.0 
-501.3 
-675.7 
549.1 
315.3 
36.0 
-45.2 
-118.2 
-313.9 
-464.1 
-645.6 
643.0 
210.1 
17.6 
-19.9 
-57.6 
-176.4 
-298.2 
-430.0 
623.4 
Event 
21 
22 
23 
24 
25 
m3/day 
14273.1 
3779.5 
1381.9 
484.6 
-1074.1 
-1381.9 
-2256.5 
1249.0 
19947.2 
6568.9 
1119.5 
-1643.9 
-6854.0 
-8433.8 
-10366.2 
7683.1 
15080.4 
4528.7 
0.0 
-3272.8 
-9067.7 
-12621.0 
-15357.0 
14792.0 
9570.4 
2460.9 
-552.4 
-2980.0 
-7405.3 
-11976.6 
-16215.7 
19612.0 
6794.8 
1372.4 
-514.1 
-2375.9 
-5530.4 
-9735.4 
-13510.0 
18896.9 
Table 5.15 - Table of potential sediment transport at selected stations in Athol Bay for fair weather and 
storm event simulations 
13 14 15 16 17 18 
Station 
Event 36 Event 37 Event 38 Event 39 Eusnt 40 
Figure 5.120 - Potential sediment transport at the 6 stations located along the barrier bar at the head of 
Athol Bay for low wave conditions (Events 36 - 40) (Top) and storm wave conditions (Events 21 - 25) 
(Bottom) 
Hindcast Station 216 
South 
Southwest 
West southwest 
West 
West northwest 
Total 
South 
Southwest 
West southwest 
West 
West northwest 
South 
Southwest 
West southwest 
West 
West northwest 
South 
Southwest 
West southwest 
West 
West northwest 
South 
Southwest 
West southwest 
West 
West northwest 
South 
Southwest 
West southwest 
West 
West northwest 
South 
Southwest 
West southwest 
West 
West northwest 
South 
Southwest 
West southwest 
West 
West northwest 
% 
5.4 
9.7 
27.5 
22 
2.7 
67.3 
5.4 
9.7 
27.5 
22 
2.7 
5.4 
9.7 
27.5 
22 
2.7 
5.4 
9.7 
27.5 
22 
2.7 
5.4 
9.7 
27.5 
22 
2.7 
5.4 
9.7 
27.5 
22 
2.7 
5.4 
9.7 
27.5 
22 
2.7 
5.4 
9.7 
27.5 
22 
2.7 
#Days 
20 
35 
100 
80 
10 
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20 
35 
100 
80 
10 
20 
35 
100 
80 
10 
20 
35 
100 
80 ' 
10 
20 
35 
100 
80 
10 
20 
35 
100 
80 
10 
20 
35 
100 
80 
10 
20 
35 
100 
80 
10 
Event 
36 
37 
38 
39 
40 
36 
37 
38 
39 
40 
36 
37 
38 
39 
40 
36 
37 
38 
39 
40 
36 
37 
38 
39 
40 
36 
37 
38 
39 
40 
36 
37 
38 
39 
40 
36 
37 
38 
39 
40 
Shore Station 
9 
9 
9 
9 
9 
13 
13 
13 
13 
13 
14 
14 
14 
14 
14 
15 
15 
15 
15 
15 
16 
16 
16 
16 
16 
17 
17 
17 
17 
17 
18 
18 
18 
18 
18 
22 
22 
22 
22 
22 
nrVDay 
531.3 
659.6 
515.9 
315.3 
210.1 
135.8 
195.4 
118.2 
36.0 
17.6 
72.3 
39.2 
-31.1 
-45.2 
-19.9 
43.9 
-72.5 
-156.7 
-118.2 
-57.6 
0.0 
-260.4 
-393.0 
-313.9 
-176.4 
-27.2 
-304.0 
-501.3 
-464.1 
-298.2 
-41.1 
-367.5 
-675.7 
-645.6 
-430.0 
148.2 
259.6 
549.1 
643.0 
623.4 
nrVyear 
10625.7 
23085.9 
51594.7 
25223.3 
2101.4 
2716.3 
6837.3 
11817.2 
2883.4 
175.6 
1445.3 
1370.6 
-3108.5 
-3615.6 
-198.8 
878.6 
-2537.3 
-15667.5 
-9453.8 
-575.7 
0.0 
-9115.2 
-39297.9 
-25114.0 
-1764.2 
-544.1 
-10641.0 
-50129.0 
-37125.5 
-2981.8 
-821.3 
-12863.2 
-67569.3 
-51649.0 
-4300.5 
2963.4 
9087.1 
54912.3 
51443.2 
6233.5 
Total 
112631.0 
24429.8 
-4107.0 
-27355.6 
-75291.3 
-1018421.5 
-137203.4 
124639.5 
Table 5.16- Comparison of daily and annual potential littoral sediment transport at selected 
stations around Athol Bay for the five simulated wave propagation directions 
5.5.2 - Wellington Bay 
In order to examine potential sediment transport along the shorelines of Wellington 
Bay, one station was selected along the north shore of the bay between the town of Wellington 
and Huycks Point in addition to five locations along the barrier system. The angles at both 
stations were adjusted relative to the y-axis before input into the littoral transport equation. 
Wave propagation angles Station #12 along the north shore of Wellington Bay 
continued to indicate wave propagation to the east, toward the town of Wellington before and 
after conversion. Potential littoral transport to the east peaked under south-westerly waves 
(346.8m3/day) and reached a minimum potential during waves from the northwest (16.9 
m3/day)(Table 5.17). Wave propagation angles at the stations along the barrier system (Figure 
5.107) indicated wave propagation angles all oriented to the north along the barrier bar but the 
conversion of those angles relative to the barrier system produced a more complicated pattern 
of potential sediment transport directions (Figure 5.120). 
Under a southerly wave approach during fair weather and storm conditions potential 
sediment transport is to the north along the barrier system, toward the town of Wellington at all 
stations along the barrier system (Figure 5.120). A southwesterly wave approach during fair 
weather and storm waves toward the barrier system continued the trend of sediment transport to 
the north over the majority of the barrier. A change occurred near the southeastern end of the 
barrier system where littoral transport changed direction so that potential movement was to the 
southeast (Figure 5.120). Transport to the southeast extended from a position west of Station 
#33 to a location west of Station #36, a distance of approximately one kilometre. The potential 
for littoral transport then reverses again under southwesterly wave approach so that sediment 
transport would again occur to the north. The reversal in potential transport direction occurred 
under both fair and storm wave conditions. As the wave propagation direction became 
increasingly oriented the west, the point along the barrier system where the change in littoral 
transport direction occurred shifted north along the barrier bar. Eventually the directional 
change occurred north of the midway point toward Station #25, a pattern of change that is 
similar under both fair weather and storm conditions (Figure 5.120). The pattern of changes in 
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potential sediment transport is interpreted to represent sub-cells that form within the larger 
transport system along the barrier system. Figure 5.121 presents a possible interpretation of the 
sub-cells along the barrier system under changing simulated wave approach directions. A 
southerly wave approach results in the development of a single northerly directed transport 
system while other wave approach directions lead to the development of additional sub-cells. 
Location 
Wellington Bay 
Station Event m3/day 
12 36 280.7 
25 1037.8 
28 325.6 
30 561.1 
33 421.4 
36 628.7 
12 37 346.8 
25 501.3 
28 44.0 
30 194.8 
33 -124.9 
36 243.1 
12 38 137.9 
25 228.3 
28 -186.4 
30 -210.0 
33 -408.8 
36 -219.0 
12 39 82.4 
25 51.1 
28 -228.3 
30 -228.3 
33 -348.0 
36 -342.8 
12 40 16.9 
25 13.8 
28 -157.7 
30 -130.1 
33 -249.2 
36 -236.1 
Event 
21 
22 
23 
24 
25 
m3/day 
26194.0 
19630.4 
4496.0 
10426.7 
0.0 
12269.3 
22950.7 
16089.9 
1940.6 
2353.7 
-8758.4 
6732.4 
14231.4 
9148.3 
-4683.1 
-4905.8 
-13440.1 
-2421.5 
5685.4 
3736.5 
-6257.8 
-5488.8 
-11846.5 
-7719.4 
2795.7 
1630.6 
-3559.4 
-3559.4 
-7578.4 
-5129.1 
Table 5.17 - Table of potential sediment transport at selected stations in Wellington Bay for fair weather 
and storm event simulations 
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Figure 5.121 - Potential sediment transport at 5 stations located along the barrier bar at the head of 
Wellington Bay for low wave conditions (Events 36 - 40) (Top) and storm wave conditions (Events 21 - 25) 
(Bottom) 
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Figiare 5.122 - Maps of proposed sub-cells along the Wellington barrier system based on potential 
l ittoral transport; Somtherly wave approach (top), southwesterly wave approach (middle), west-
somithwesterfy, westerly amid northwesterly wave approach (bottom); dashed lime indicates interpreted 
crarremt mm north side of West Point 
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The change in potential transport direction may be related to the refraction of waves 
over the nearshore bathymetric changes of the two lakeward isobath extensions near stations 28 
and 32 along the Wellington barrier system (Figure 5.122). There is a general reduction in 
potential sediment transport in the region of these features. 
Figure 5.123 - Potential littoral transport at selected stations along the Wellington barrier bar 
Over the course of a year, potential littoral transport at Station #12 along the north coast 
of Wellington Bay during the simulated wave direction events is approximately 39 000 m /year 
(Table 5.18). The actual amount of sediment transport that occurs along the north shore is 
probably less than the estimated figure because the shoreline and nearshore zone is generally 
exposed bedrock. Sand sized sediment does exist at depth offshore but there is an overall lack 
of sand sized sediment in the nearshore zone. Despite the lack of sediment along the northern 
shoreline of the bay, sediment is moved toward the town of Wellington because there is an 
accumulation of sediment on the north side of the jetties at the entrance channel to West Lake. 
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Hindcast Station 234 
South 
Southwest 
West southwest 
West 
West northwest 
Total 
South 
Southwest 
West southwest 
West 
West northwest 
Total 
South 
Southwest 
West southwest 
West 
West northwest 
Total 
South 
Southwest 
West southwest 
West 
West northwest 
Total 
South 
Southwest 
West southwest 
West 
West northwest 
Total 
South 
Southwest 
West southwest 
West 
West northwest 
Total 
% 
4.8 
10.8 
29.3 
18 
2.3 
65.2 
4.8 
10.8 
29.3 
18 
2.3 
65.2 
4.8 
10.8 
29.3 
18 
2.3 
65.2 
4.8 
10.8 
29.3 
18 
2.3 
65.2 
4.8 
10.8 
29.3 
18 
2.3 
65.2 
4.8 
10.8 
29.3 
18 
2.3 
65.2 
#Days 
18 
39 
107 
66 
8 
238 
18 
39 
107 
66 
8 
238 
18 
39 
107 
66 
8 
238 
18 
39 
107 
66 
8 
238 
18 
39 
107 
66 
8 
238 
18 
39 
107 
66 
8 
238 
Event 
36 
37 
38 
39 
40 
36 
37 
38 
39 
40 
36 
37 
38 
39 
40 
36 
37 
38 
39 
40 
36 
37 
38 
39 
40 
36 
37 
38 
39 
40 
Shore Station 
12 
12 
12 
12 
12 
25 
25 
25 
25 
25 
28 
28 
28 
28 
28 
30 
30 
30 
30 
30 
33 
33 
33 
33 
33 
36 
36 
36 
36 
36 
m3/day 
280.7 
346.8 
137.9 
82.4 
16.9 
1037.8 
501.3 
228.3 
51.1 
13.8 
325.6 
44.0 
-186.4 
-228.3 
-157.7 
561.1 
194.8 
-210.0 
-228.3 
-130.1 
421.4 
-124.9 
-408.8 
-348.0 
-249.2 
628.7 
243.1 
-219.0 
-342.8 
-236.1 
m3/year 
5052.5 
13524.0 
14757.4 
5435.3 
135.4 
38904.8 
18680.0 
19550.3 
24432.2 
3373.7 
110.5 
66146.6 
5860.8 
1716.7 
-19943.0 
-15070.3 
-1261.9 
-28697.8 
10100.5 
7597.6 
-22464.7 
-15070.3 
-1041.1 
-20878.0 
7585.1 
-4872.6 
-43741.9 
-22971.0 
-1993.5 
-65994.0 
11315.9 
9479.7 
-23435.1 
-22624.3 
-1889.2 
-27152.9 
Table 5.18 - Comparison of daily and annual potential littoral sediment transport at selected 
stations in Wellington Bay for the five simulated wave propagation directions 
Potential sediment transport along the barrier can occur to the northwest or southeast 
depending on the wave approach direction and the location of interest on the barrier system. 
The daily and annual estimates for the stations along the barrier system are probably more 
representative because there is sand-sized sediment available for transport in the nearshore 
zone although there is no method to determining the accuracy of the estimate. Under the 
simulated wave conditions, the greatest potential annual sediment transport (+65 000 m3/year) 
(Table 5.18) along the Wellington barrier system occurs under west-southwesterly waves in the 
vicinity of Station #25 and Station # 33, both of which are located in close proximity to the 
offshore bathymetric highs (Figure 5.122). 
5.5.3 - Weller's Bay 
On the Weller's Bay simulation grid an estimate of the littoral transport potential was 
made for Station #1 which was located on the northwest side of the entrance channel to 
Weller's Bay in order to estimate the volume of material moving eastward along the mainland 
toward the barrier system. During fair-weather conditions the potential littoral transport at the 
site peaked at 348 m /day when waves arrived from the west-southwest but dropped to a low 
potential littoral transport volume when waves were oriented from the west-northwest. Wave 
approach from the south, west and west-northwest all produced similar potential transport 
volumes of approximately 250 m3/day (Table 5.19). Storm conditions at Station #1 produced 
the greatest potential transport under southwesterly waves with an estimate of 19 463.3 m /day 
and a minimum estimate when storm waves arrived from the west-northwest, producing a 
potential transport value of 5705.2 m3/day (Table 5.19). 
During southerly fair-weather and storm wave conditions, potential littoral transport 
was almost entirely in a northerly direction along the Weller's Bay shoreline except at the 
southeastern end of the simulation grid (Table 5.19). Near Station #16 at the southeastern end 
of the Weller's Bay simulation grid there was a change in the wave propagation direction from 
the northwest to the southeast during storm conditions (Figure 5.123). Sediment transport 
potential on the Weller's Bay simulation grid is greatest during southerly fair-weather or storm 
wave events because waves from this quadrant are close to parallel with the shoreline and 
transport sediment in a northerly direction (Figure 5.123). 
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Location 
Welter's 
Bay 
Event 
36 
37 
38 
39 
40 
Station 
1 
5 
8 
10 
13 
16 
1 
5 
8 
10 
13 
16 
1 
5 
8 
10 
13 
16 
1 
5 
8 
10 
13 
16 
1 
5 
8 
10 
13 
16 
m3/day 
244.3 
726.4 
286.4 
888.3 
260.5 
207.6 
112.5 
315.7 
24.2 
107.9 
-146.3 
-306.1 
348.2 
90.1 
-173.5 
-389.8 
-395.7 
-819.3 
259.6 
-24.1 
-212.7 
-471.3 
-445.8 
-633.6 
256.3 
-45.2 
-199.4 
-433.3 
-331.2 
-428.4 
Event 
21 
22 
23 
24 
25 
m3/day 
15669.2 
15942.9 
6817.8 
23228.0 
4406.6 
-1389.9 
19463.3 
11321.5 
1601.0 
6154.7 
-4119.5 
-19913.2 
14551.9 
6257.8 
-2233.5 
-5395.8 
-8113.9 
-20851.2 
8533.1 
2674.8 
-3416.6 
-9961.6 
-8467.0 
-16590.6 
5705.2 
1375.0 
-2744.4 
-9334.9 
-7569.1 
-13076.8 
Table 5.19 -Table of potential sediment transport at selected stations in Weller's Bay for fair weather and 
storm event simulations 
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Figure 5.124 - Potential sediment transport at the 6 stations located along the barrier bar across Weller's 
Bay for low wave conditions (Events 36 - 40) (Top) and storm wave conditions (Events 21 - 25) (Bottom) 
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Under southerly and south-westerly wave events there is a peak in the amount of 
potential littoral transport southeast of Bald Head Island near Station #10 but under west and 
west-northwesterly waves transport in the area changes direction. As the wave orientation 
shifted to the westward under both fair weather and storm wave conditions, potential littoral 
transport reversed direction along the barrier. The location of the change in direction gradually 
shifted from a position north of Station #16 during southerly waves to one north of Station #8 
during west-northwesterly waves. 
Of the six stations along the Weller's Bay study grid, five were found to have the 
largest potential sediment transport when experiencing west-southwesterly waves with only 
one station (#5) generating the largest estimate under southwesterly waves (Table 5.20). The 
lowest potential sediment transport occurred under west-northwesterly waves at Stations #1 
and #5 while at Stations #8 and #10 simulated southwesterly waves resulted in the lowest 
potential sediment transport estimate although at Station #10 there is only a small difference 
(128 m3/yr) in the estimates. At Stations #13 and #16 a southerly wave approach produced the 
lowest potential sediment transport (Table 5.20). 
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Hindcast Station 270 
South 
Southwest 
West southwest 
West 
West northwest 
Total 
South 
Southwest 
West southwest 
West 
West northwest 
Total 
South 
Southwest 
West southwest 
West 
West northwest 
Total 
South 
Southwest 
West southwest 
West 
West northwest 
Total 
South 
Southwest 
West southwest 
West 
West northwest 
Total 
South 
Southwest 
West southwest 
West 
West northwest 
Total 
% 
4 
13 
31.6 
7.7 
3.4 
59.7 
4 
13 
31.6 
7.7 
3.4 
59.7 
4 
13 
31.6 
7.7 
3.4 
59.7 
4 
13 
31.6 
7.7 
3.4 
59.7 
4 
13 
31.6 
7.7 
3.4 
59.7 
4 
13 
31.6 
7.7 
3.4 
59.7 
# Days 
15 
47 
115 
28 
12 
218 
15 
47 
115 
28 
12 
218 
15 
47 
115 
28 
12 
218 
15 
47 
115 
28 
12 
218 
15 
47 
115 
28 
12 
218 
15 
47 
115 
28 
12 
218 
Event 
36 
37 
38 
39 
40 
36 
37 
38 
39 
40 
36 
37 
38 
39 
40 
36 
37 
38 
39 
40 
36 
37 
38 
39 
40 
36 
37 
38 
39 
40 
Shore Station 
5 
5 
5 
5 
5 
8 
8 
8 
8 
8 
10 
10 
10 
10 
10 
13 
13 
13 
13 
13 
16 
16 
16 
16 
16 
m3/Day 
244.3 
112.5 
348.2 
259.6 
256.3 
726.4 
315.7 
90.1 
-24.1 
-45.2 
286.4 
24.2 
-173.5 
-212.7 
-199.4 
888.3 
107.9 
-389.8 
-471.3 
-433.3 
260.5 
-146.3 
-395.7 
-445.8 
-331.2 
207.6 
-306.1 
-819.3 
-633.6 
-428.4 
m3/year 
3664.4 
5285.6 
40039.5 
7269.7 
3075.7 
59335.0 
10895.9 
14838.5 
10365.2 
-674.8 
-542.3 
34882.5 
4296.7 
1137.6 
-19950.1 
-5956.1 
-2392.5 
-22864.5 
13323.8 
5072.0 
-44822.1 
-13195.8 
-5200.2 
-44822.4 
3907.6 
-6878.4 
-45501.4 
-12482.4 
-3974.0 
-64928.5 
3113.3 
-14387.0 
-94221.8 
-17740.3 
-5140.4 
-128376.1 
Table 5.20 - Comparison of daily and annual potential littoral sediment transport at selected 
stations along the Weller's Bay barrier bar for the five simulated wave propagation directions 
5.5.4 - Presqu'ile Peninsula 
Potential transport along the north shore of Lake Ontario from the west and into 
Popham Bay during the simulated directional events was greatest during wave approach from 
the southwest with 481.7 m3/day during fair weather conditions and approximately 17 000 
m3/day during storm events (Table 5.21). Under the simulated wave conditions the lowest 
potential transport along the north shore during fair weather and storm conditions occurred 
during west-northwesterly wave events (Table 5.21). Along the Presqu'ile beach, the change in 
transport direction occurred under both fair weather and storm wave conditions in the vicinity 
of Station 17 (Table 5.21 & Figure 5.126). Potential sediment transport to the north along the 
Presqu'ile beach peaked during southwesterly wave events around station 14 on the north end 
of the beach for both wave conditions while the greatest potential for transport to the south 
occurred during westerly wave events near station 18 (Table 5.16 & Figure 5.123). There is 
greater sediment transport potential towards the north end of the Presqu'ile beach than there is 
toward the southern end. 
Potential littoral transport on either side of the High Bluff and Gull Islands was 
generally greater on the north side of the islands at Station #22 than the south side at Station 
#32 (Table 5.21). Only during southerly wave approach are the two stations similar with regard 
to potential sediment transport. During fair-weather conditions on Lake Ontario potential 
littoral transport peaked at Station #22 during westerly wave events while during storm events 
that potential was greatest during west-southwesterly wave events. During both wave 
conditions, simulated southerly wave approach produced the least potential for littoral 
transport. Conversely at Station #32 the greatest potential was during southerly wave approach 
to the coast during both fair weather and storm wave conditions. West-northwesterly waves 
resulted in the lowest potential littoral transport along the south side of the islands. The two 
stations located along the south shore of the Presqu'ile peninsula (#35 and #43) reached a peak 
sediment transport value during wave approach from the southwest and a minimum value 
under west-northwesterly oriented waves (Table 5.16). 
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Presqu'ile 
Peninsula 
Event 
36 
39 
21 
24 
Station 
9 
14 
15 
16 
17 
18 
22 
32 
35 
43 
9 
14 
15 
16 
17 
18 
22 
32 
35 
43 
9 
14 
15 
16 
17 
18 
22 
32 
35 
43 
9 
14 
15 
16 
17 
18 
22 
32 
35 
43 
Volume 
421.4 
341.4 
203.1 
118.2 
5.9 
-46.0 
97.1 
93.3 
96.5 
1043.9 
123.5 
176.4 
129.4 
57.1 
-60.0 
-151.5 
495.7 
10.0 
23.2 
186.6 
11 475.4 
8096.6 
5399.7 
3278.3 
193.6 
-1212.4 
6212.9 
10859.6 
3992.3 
17607.6 
6 904.6 
5776.9 
4141.8 
1608.4 
-1835.4 
-3127.7 
17669.5 
991.7 
3287.9 
9762.2 
Event 
37 
40 
22 
25 
Station 
9 
14 
15 
16 
17 
18 
22 
32 
35 
43 
9 
14 
15 
16 
17 
18 
22 
32 
35 
43 
9 
14 
15 
16 
17 
18 
22 
32 
35 
43 
9 
14 
15 
16 
17 
18 
22 
32 
35 
43 
Volume 
481.7 
445.8 
325.6 
167.7 
-36.3 
-153.8 
215.7 
67.2 
•166.9 
1127.8 
61.5 
83.3 
57.5 
22.0 
-36.6 
-92.6 
369.0 
4.3 
15.4 
65.2 
17 027.1 
10716.9 
7390.1 
3662.9 
-788.5 
-2891.1 
14893.2 
5451.7 
8597.4 
22993.9 
3 556.4 
3780.9 
2708.2 
827.6 
-1272.1 
-2577.5 
15270.6 
643.0 
1936.0 
6077.1 
Event 
38 
23 
Station 
9 
14 
15 
16 
17 
18 
22 
32 
35 
43 
9 
14 
15 
16 
17 
18 
22 
32 
35 
43 
Volume 
323.5 
329.9 
228.3 
112.4 
-78.1 
-181.2 
293.0 
38.5 
105.6 
628.7 
13 138.1 
8898.0 
6279.2 
2628.7 
-1828.4 
-3559.4 
18820.9 
2732.7 
6035.0 
20118.5 
Table 5.21 - Table of potential sediment transport at selected stations surrounding the Presqu'ile Peninsula 
for fair weather and storm event simulations 
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Figure 5.125 - Potential sediment transport at 5 stations located along the main beach on the western side 
of the Presqu'ile Peninsula for low wave conditions (Events 36 - 40) (Top) and storm wave conditions 
(Events 21 - 25) (Bottom) 
Hindcast Station 266 
South 
Southwest 
West southwest 
West 
West northwest 
Total 
South 
Southwest 
West southwest 
West 
West northwest 
South 
Southwest 
West southwest 
West 
West northwest 
South 
Southwest 
West southwest 
West 
West northwest 
South 
Southwest 
West southwest 
West 
West northwest 
South 
Southwest 
West southwest 
West 
West northwest 
South 
Southwest 
West southwest 
West 
West northwest 
South 
Southwest 
West southwest 
West 
West northwest 
% 
3.6 
13.2 
32.7 
6.2 
2.5 
58.2 
3.6 
13.2 
32.7 
6.2 
2.5 
3.6 
13.2 
32.7 
6.2 
2.5 
3.6 
13.2 
32.7 
6.2 
2.5 
3.6 
13.2 
32.7 
6.2 
2.5 
3.6 
13.2 
32.7 
6.2 
2.5 
3.6 
13.2 
32.7 
6.2 
2.5 
3.6 
13.2 
32.7 
6.2 
2.5 
#Days 
13 
48 
119 
23 
9 
212 
13 
48 
119 
23 
9 
13 
48 
119 
23 
9 
13 
48 
119 
23 
9 
13 
48 
119 
23 
9 
13 
48 
119 
23 
9 
13 
48 
119 
23 
9 
13 
48 
119 
23 
9 
Event 
3 6 . 
37 
38 
39 
40 
36 
37 
38 
39 
40 
36 
37 
38 
39 
40 
36 
37 
38 
39 
40 
36 
37 
38 
39 
40 
36 
37 
38 
39 
40 
36 
37 
38 
39 
40 
36 
37 
38 
39 
40 
Shore Station 
9 
9 
9 
9 
9 
14 
14 
14 
14 
14 
15 
15 
15 
15 
15 
16 
16 
16 
16 
16 
17 
17 
17 
17 
17 
18 
18 
18 
18 
18 
22 
22 
22 
22 
22 
32 
32 
32 
32 
32 
m3/day 
421.4 
481.8 
323.5 
123.5 
. 61.5 
341.4 
445.8 
330.0 
176.4 
83.3 
203.1 
325.6 
228.3 
129.4 
57.6 
118.2 
167.8 
112.5 
57.1 
22.1 
5.9 
-36.3 
-78.1 
-60.0 
-36.7 
-46.0 
-153.8 
-181.3 
-151.5 
-92.6 
97.1 
215.8 
293.0 
495.7 
369.0 
93.3 
67.3 
38.5 
10.0 
4.3 
m3/year 
5478.1 
23125.1 
38499.0 
2840.8 
553.9 
4437.8 
21398.4 
39267.3 
4057.6 
749.8 
2640.1 
15628.7 
27172.2 
2976.9 
518.1 
1536.4 
8053.6 
13382.6 
1314.2 
198.8 
76.4 
-1744.5 
-9297.5 
-1379.9 
-330.2 
-598.5 
-7382.2 
-21569.1 
-3483.6 
-833.6 
1262.2 
10357.0 
34868.3 
11400.6 
3321.0 
1212.3 
3230.0 
4583.9 
230.3 
38.9 
Total 
70497.1 
69910.8 
48936.1 
24485.5 
-12675.8 
-339867.1 
61209.0 
9295.3 
Table 5.22 - Comparison of daily and annual potential littoral sediment transport at selected 
stations around the Presqu'ile peninsula for the five simulated wave propagation directions 
South 
Southwest 
West southwest 
West 
West northwest 
South 
Southwest 
West southwest 
West 
West northwest 
3.6 
13.2 
32.7 
6.2 
2.5 
3.6 
13.2 
32.7 
6.2 
2.5 
13 
48 
119 
23 
9 
13 
48 
119 
23 
9 
36 
37 
38 
39 
40 
36 
37 
38 
39 
40 
35 
35 
35 
35 
35 
43 
43 
43 
43 
43 
96.5 
166.9 
105.6 
23.2 
15.5 
1043.9 
1127.8 
628.7 
186.6 
65.2 
1254.8 
8012.9 
12572.0 
534.3 
139.3 
13570.2 
54136.2 
74815.9 
4290.9 
587.1 
22513.3 
147400.4 
Table 5.22 (con't) - Comparison of daily and annual potential littoral sediment transport at 
selected stations along the south shore of the Presqu'ile peninsula for the five simulated wave propagation 
directions 
West-southwesterly wave conditions were responsible for the greatest annual sediment 
transport estimates at all 10 stations around the Presqu'ile Peninsula (Table 5.22). Waves 
approaching the Presqu'ile peninsula from the west-northwest result in the lowest annual 
sediment transport estimates at seven of the ten stations (e.g. - #9, 14, 15, 16, 32, 35, 45) while 
the remaining three stations (e.g. - #17, 18, 22) produced the lowest estimate during a southerly 
wave orientation (Table 5.22). 
The potential to move sediment along the southern shore of the peninsula increases 
from station 35 where there may still be a sheltering effect of High Bluff and Bald Head 
Islands to station 43 where the potential eastward transport toward Weller's Bay increases to 
around 150 000 m3/yr (Table 6.5). 
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5.6 - Summary 
This chapter outlined the results of the coastal classification and the sediment collected 
from various reaches of the shore as well as summarizing the results for the depth of the wave 
base offshore from the County for certain idealized wind speeds. The STWAVE simulation 
results provide insight into the similarities and differences in wave propagation and height that 
are produced under changing boundary conditions. Chapter 6 will discuss the results presented 
and explore the relationship among the results. 
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Chapter 6 - Discussion 
The purpose of this chapter is to discuss the results presented in Chapter 5 including the 
relationship of the coastal classification, wave simulation results and littoral transport 
estimates. A summary of the conditions along the shore of the County is brought together to 
produce the final outcomes of this research. 
6.1 - Simulation grid discussion 
The hindcast wave information for Lake Ontario was used to create a series of 40 wave 
events on eight individual grids which produced a total of 320 simulations along the western 
shore of Prince Edward County. The following section will provide summaries for each 
simulation grid location along the PEC coast. 
6.1.1 - Point Petre 
Point Petre is situated at the far southeastern end of the western shore of Prince Edward 
County. Point Petre has a maximum fetch of approximately 210 km and is one of the most 
exposed locations along the entire coast of the county. The majority of the shoreline in the 
region consists of exposed bedrock that forms either a cliff or limestone platform that is 
generally swept free of sediment but with isolated accumulations of coarse sediment (e.g. 
gravel - cobble) (Figure 5.1). Prior work by St. Jacques and Rukavina, (1972), Rukavina 
(1976) and Martini and Kwong, (1985) found that the lake bottom throughout the nearshore 
around Point Petre is all exposed Paleozoic bedrock (Figure 6.1). Field work combined with 
interpretation of aerial imagery suggests that the lake bottom in the bay is predominantly 
bedrock with little to no sediment cover. 
Bathymetry surrounding Point Petre is generally much steeper on the southwestern side 
of the point than along the southeastern shore thereby modifying wave approach more on the 
southeastern side of the point (Figure 3.9). Wave base isobars along the southwestern side of 
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the Point Petre are angled toward the point indicating deeper water closer to shore (Figure 
5.21). Wave heights were consistently the highest in the area of Point Petre as waves are 
focused on the bedrock promontory by refraction (Figure 5.97 - 5.99). Regardless of the event 
direction, Station 21, on the southwest side of the point had the highest wave values in the five 
example event simulations with a range of 1 - 1.65 m. Away from this region of elevated wave 
heights there was a reduction in wave height toward the head of Soup Harbour and to the east 
that changed with the wave event. There was however an increase (~ +30 cm) in wave height 
in the vicinity of the first beach to the east of Point Petre followed by another reduction in wave 
height after a slight change in shoreline orientation. The larger waves acting on the bedrock 
platforms of Point Petre shoreline (Figure 5.1) generally act to sweep them clean of loose 
material but sediment was observed to accumulate in the joints of the bedrock platform. 
Simulated wave angles at the nearshore stations of the event simulations indicate that 
waves are generally directed north into Soup Harbour and east along the south shore of Point 
Petre (Figure 5.98 - 5.103). The transport of sediment east along the south shore of the area is 
supported by the observed accumulation of material approximately 2 km to the east of Point 
Petre (#1 in Figure 6.2) and at Charwell Point (#2 in Figure 6.2), a large accumulation of coarse 
material that extends out into Lake Ontario and appears to have developed on the underlying 
bedrock. Sediment transport north into Soup Harbour along the western shore of Point Petre is 
also suggested by the wave angles from the simulations for Point Petre and Soup Harbour. A 
movement of sediment in this alongshore northerly direction towards the head of the bay would 
seem to be supported by observed accumulations of sediment in two areas (#3 & #4 in Figure 
6.2) found on the updrift side of changes in shoreline orientation on the western side of Point 
Petre approximately 1.2 and 2.0 km from the point (Figure 6.2). 
Littoral transport around the point appears to be from Point Petre east along the south 
shore of the Prince Edward County peninsula. Point Petre acts to separate sediment transport 
pathways so that transport is also oriented north along the western shore toward the head of 
Soup Harbour (Figure 6.2). 
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Figure 6.1 - Nearshore Lake bottom sediment distribution along the Coast of Prince Edward County; 
contours in fathoms (1 Fathom = 1.828 m) (Martini and Kwong, 1985) 
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Figure 6.2 - Bedrock in the nearshore zone is evident on aerial imagery (light blue); sediment accumulation 
zones east of Point Petre; Beach 1 (#1) and Charwell Point (#2); sediment accumulation northwest of the 
point (#3 and #4); Dashed yellow line indicates probable littoral transport path (Digital Globe, 2007) 
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6.1.2 - Soup Harbour 
Similar to the shorelines around Point Petre, the shore of Soup Harbour is exposed 
bedrock with little sediment on it as well as with reaches of coarse beach. The exposed 
bedrock platform is covered with large areas of limestone gravel/cobble generated through the 
weathering and erosion of the bedrock or the redistribution of regolith overlying the bedrock 
near the high water line that may be eroded and transported during storm events. The gravel 
and cobble overlying the bedrock generally builds toward a berm at the rear of the platform 
(Figure 6.3). The coarse sediment that encomposes the beach at the head of the bay is 
classified as an exposed coastline because the orientation of the bay is such that the coast has a 
maximum fetch of approximately 200 km (Table 5.10). Soup Harbour is also not a long bay as 
it is only set back approximately 2 km from Salmon Point and Point Petre so that the effects of 
diverging waves in the bay is minimal. 
Figure 6.3 - Northwest shoreline of Soup Harbour showing the coarse grained limestone beach. White 
material is dried mussel shells. Sediment builds to a berm on the landward side of the beach (right in 
picture) 
Sediment sampling during this study in Soup Harbour also suggests that the lake bottom 
throughout the bay is exposed bedrock with little to no sandy sediment, similar to the work of 
Martini and Kwong (1985) illustrated in Figure 6.1. The lack of sandy sediment is the result of 
Salmon Point and its submarine extension which acts to block and/or inhibit sediment transport 
around the point and northeast into Soup Harbour. Existing sediment within the bay is found 
along two small pocket beaches of coarse material on the eastern side of Soup Harbour (Figure 
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6.2 - #3 & #4) and at the head of the Soup Harbour. A third possible location may exist on the 
eastern side of the harbour but was not verified in the field due to restricted access (Figure 6.5 
#5). 
Figure 6.4 - Littoral transport paths and exposed bedrock in the nearshore zone (light blue) in Soup 
Harbour is the continuation of shoreline outcrops; Dashed yellow lines indicate potential sediment 
transport paths (Digital Globe, 
Figure 6.5 -Sediment accumulation area on west side of Soup Harbour (left inset in Figure 6.4) and 
accumulation zones on eastern side of Soup Harbour (right inset in Figure 6.4) 
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The isobaths of Soup Harbour have a generally uniform spacing throughout much of the 
bay except to the southeast around the western shore of Point Petre. The regular bathymetry 
produces a uniform reduction in wave height into the bay. During the simulated storm wave 
events, waves (e.g. Events 21 — 25) with a wave height of approximately 1.4 m were 
consistently found near the head of the bay around station 10 on the Soup Harbour grid (Figure 
5.100 - 5.102). This narrow zone of elevated wave heights did not always contain the highest 
waves within the bay but the height was consistent in all five events. Additional areas of 
elevated wave heights on the Soup Harbour grid are found in a similar location to the highest 
waves on the Point Petre simulation, along the southwest shore. A second zone of increased 
wave heights was found directly across the bay toward Salmon Point adjacent to the possible 
accumulation zone on the northwest side of the bay near a location of local development (e.g. 
housing / cottages). Point Petre and Salmon Point both provide protection for either side of 
Soup Harbour that produces zones along the shore of reduced wave heights (Figures 5.97 -
5.102). 
The fairweather wave base (10 m) is reached outside of Soup Harbour entrance so that 
any sediment on the floor of the harbour was moved toward shore on a regular basis (Figure 
5.21). If event 21 (Figure 5.97 - 5.102) is assumed to represent a seasonal storm in the area 
with 2 m waves at the simulation grid boundary, the result is a wave height near the centre of 
the bay of approximately 1.7 m and a 7.5 s period which would produce a wave base of 
approximately 20 m. Wave base for this event encounters lake bottom near the entrance to 
Soup Harbour thereby transport sediment toward the head of the bay. Simulated wave angle 
suggests waves propagate into the bay during all simulations (Figures 5.97 - 5.102). The 
overall trend of potential sediment transport appears to be a movement of sediment toward the 
head of Soup Harbour along the western and eastern shore with deviations due to shoreline 
orientation (Figure 6.4). 
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6.1.3 - Athol Bay 
The Outlet barrier bar is at the head of Athol Bay, between West Point and Salmon 
Point headlands (Figure 6.6). The headlands and edges of the bay are limestone cliff and 
platforms (Figure 5.1) with small accumulations of coarse grained beach material. The barrier 
bar at the head of the bay consists of a fine to medium grained sand with limestone material on 
the northwest and southeast ends of the barrier and occasional fragments along its length. 
The bathymetry on the lakeward side of the of the Outlet barrier bar in Athol Bay drops 
gradually offshore to a maximum depth of approximately 15m about 3 km into the bay (Figure 
3.9). From the low limestone bedrock cliff and platform on the north side of the bay, there is 
another gradual reduction in depth to a maximum depth of around 15 m. Around West Point at 
the end of the north shore of the bay the lake bottom drops off in front of West Point to a depth 
of around 15 m within 350 m from shore. 
Figure 6.6 - Athol Bay is oriented toward a long fetch to the southwest over Lake Ontario; yellow dashed 
lines indicate inferred littoral transport along the shoreline (Digital Globe, 2007) 
265 
Examination of the wave angles produced at the station locations around the edge of the 
bay on the simulation grid indicates that there is a change in wave direction at the head of the 
bay (Figures 5.103 - 5.106). The change typically does not occur midway on the barrier or 
near the mouth of the Outlet River but it is offset toward the northern end of the beach which 
may be related to the orientation of the bay and the subsequent refraction around the headlands. 
In the simulation of each of the selected directions (Events 21 - 25), all wave propagation 
angles were directed towards the head of the bay. The orientation of the angles suggests 
transport of material toward the barrier bar along the limestone bedrock of both sides of the 
bay. The angles on the southeastern shore of Salmon Point continue the trend along the coast 
when compared to the Soup Harbour simulations (Figure 6.7). The trend from one simulation 
grid (e.g. Athol Bay) to the other (e.g. Point Petre/Soup Harbour) indicates that any transport 
along this coast is moved northeast along the bedrock platform toward and into Soup Harbour. 
The diversion of sediment deposited at the mouth of a river or stream entering a 
shoreline can be successfully interpreted to assist in the determination of the local littoral drift 
pattern as it has been suggested that a river will divert in the direction of net littoral drift 
(Jacobsen and Swartz, 1985). Air photos have been used to assess the movement of sediment 
at the mouth of a river as indicated by the migration of bars at the mouth of the river (Morelock 
et al, 1985). Although the interpretation of these features can be complicated given the 
periodic and seasonal nature of field surveys or air photos in addition to changing water levels, 
a pattern of diversion is often visible. 
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Athol_Bay_Combination_Sim 2 
Wave Height (m) 
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Wave Height (m) 
Figure 6.7 - Comparison of wave propagation angles along the southeast coast of Salmon Point 
suggesting a trend toward the northeast into Soup Harbour; Dashed circles indicate similar reach of 
shoreline - Upper image: Athol Bay 6 m contour interval; Lower image: Soup Harbour/Point Petre 4 m 
contour interval 
The Outlet River connects Lake Ontario through the Outlet barrier bar to East Lake, the 
lagoon to the northeast behind the barrier bar. The Outlet river mouth may contribute some 
sediment to the nearshore system particularly during heavy rainfall events when the outflow of 
East Lake increases. Often the entrance to the channel on Lake Ontario is very shallow (e.g. < 
30 cm) with the shallower region extending lakeward into the nearshore zone but a navigable 
channel may also exist. The course of the Outlet River as it flows from the lagoon to Lake 
Ontario appears to suggest that throughout the historic period its course has been deflected to 
the southeast side of the bay by littoral transport. Historically sediment transport from the 
north shore of the bay and the north end of the barrier were likely the dominant direction of 
nearshore transport. Interestingly the change in transport directions (Figures 5.103 - 5.106) 
occurs toward the north end of the barrier very close to where the Outlet River begins to cross 
the barrier bar from East Lake. If the pattern of littoral transport in the bay has maintained a 
similar pattern then this could explain the deflection of the river to the southeast. The 
deflection of the river mouth is evident on historical maps of the region (Figure 6.8). 
Currently, the river makes an approximately 90° turn, several hundred metres inland from the 
shore of the lake from the southeast toward the southwest. The change in direction may 
indicate a change in rate of littoral transport within the bay or perhaps there is a something in 
the barrier that altered the course of the river. The straight section of the river is now stabilized 
as part of Sandbanks Provincial Park that encompasses the majority of the Outlet barrier bar. 
The topography of the south shore of the bay consists of limestone cliffs 4 - 5 m in 
height with a typically narrow platform continuing under the lake surface as the bathymetry 
drops off within 500 m to a maximum depth of approximately 15 m resulting in much deeper 
water along the southeastern shoreline. The rapid change in bathymetry along the south shore 
of the bay continues to the southwest past Salmon Point and into Lake Ontario as a submarine 
extension called Salmon Point Ridge (Figure 6.9). The northeast-southwest trending ridge does 
not extend far into the lake but it represent a barrier to the movement of sediment around 
Salmon Point and into Soup Harbour as the northwestern side of the ridge is steep relative to 
the southeastern. 
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Figure 6.8 - (Top) Outlet River flowing through the barrier bar from East Lake into Athol Bay; dashed 
yellow circle indicates location river turns at a sharp angle toward the southwest; (Bottom) Map of East 
Lake and Little Sandy Bay (Athol Bay) showing the deflected mouth of the Outlet River (Belden, 1878; 
Digital Globe, 2007) 
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Figure 6.9 - Bathymetry of Athol Bay: Cross section of Athol Bay showing the steep sided nature of the 
southern edge of the bay; A - A' (top); B - B' (middle); and cross section of Salmon Point Ridge 
approximately two kilometers from shore:C - C (bottom) (NESDIS, 2009) 
The known accumulation zone of unconsolidated sediment (sand) within Athol Bay is 
generally located toward the southeast side of the bay against the steep bathymetry (Figure 
6.1). Along the north shore of Athol Bay, the lake bed consists of exposed bedrock from near 
the northern end of the barrier bar in a the southwesterly direction past West Point while sandy 
sediment covers the remaining area of the bay out to at least a depth of 20 m (Martini and 
Kwong, 1985). The sediments within the bay are glacio-fluvial deposits from the retreat of the 
last continental glaciers (Rukavina, 1970). The physiography of Prince Edward County (Figure 
3.6) shows a sand plain to the north east of Athol Bay extending through the East Lake region. 
The sandy material that comprises the submarine sediments and the barrier system may 
represent the reworked deposits of part of the sand plain as lake level and wave climate 
changed over time. 
The West Point and Salmon Point headlands also influence wave heights throughout the 
bay as both create a zone of reduced wave energy in the lee of the headland that extends along 
the sides and head of the bay depending on initial wave propagation direction. As westerly or 
northwesterly waves approach Athol Bay, an area on the north end of the barrier bar near 
several private residences generally develops the lowest wave heights in the bay. Waves from 
this direction also typically allow larger waves to progress further into the bay to the south of 
centre (Figure 6.10). The prevalence of the westerly waves arriving along the shore of PEC 
and Athol Bay, calculated wave base and wave simulations would also suggest that sediment is 
moved from west to east across Athol Bay. Sediment may move past West Point into Athol 
Bay from the source areas to northwest, in the offshore area of Wellington barrier system under 
strong seasonal storm conditions, although any contribution from this source is unknown. The 
sediment source may be offshore bottom sediments located northwest of Athol Bay as wave 
angle simulations do not suggest that any material passing around the deep water off the rocky 
West Point headland. Any sediment from an offshore source transported into Athol Bay past 
West Point may then accumulate on the southeastern side of the bay. The movement of 
sediment towards the southeastern shore would support the mapped distribution of sediment 
within Athol Bay (Figure 6.1) (Rukavina and Kwong, 1985). 
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The steeper bathymetry along the south shore does not appear to support the 
accumulation of material in the form of a beach given the narrowness and location of the 
bedrock shelf at or near the water level and wave action. Any material on the bedrock shelf 
may be quickly removed to a point at the base of the bathymetric rise where is may accumulate. 
The waves arriving along the limestone cliff and platforms of the north and south shore are also 
generally angled northeastward and so the potential exists for sediment transport along the 
shoreline and towards the barrier system. Similarly the simulation of waves approaching from 
a southerly direction lead to the development of an area with low wave heights near the south 
end of the barrier system and higher waves along much of the north shore of the bay (Figure 
6.11). As the larger waves approach the nortthern shore of the bay, their approach angle directs 
their energy and any possible transport towards the northeast and the barrier system. 
The Salmon Point headland and its associated offshore extending submarine extension 
may act to limit or preclude any sand-size sediment from exiting Athol Bay around Salmon 
Point to the southeast and Soup Harbour due to wave environment and bathymetry. An 
indication of the lack of sediment transport into around Salmon Point is the overall lack of sand 
sized sediment present in Soup Harbour either onshore or in the nearshore which suggests that 
there may not be a continuous movement of sand through the littoral system along the coast of 
PEC in a southeasterly direction. The offshore submarine ridge extending from Salmon Point 
is clearly evident in the wave simulations as the largest waves generally occurred in that region 
of the grid. During the simulation of large wave events e.g. Event 2 (Figure 5.45), the highest 
waves were found off the tip of Salmon Point over the 18 m isobath. During the simulation of 
a smaller initial wave height e.g. 2 m (Figure 5.41 - Event 12), waves moving toward the bay 
from the boundary of the grid increased to a maximum height over the 6 m isobath on Salmon 
Point Ridge. For a simulation of a low initial wave height e.g. 0.5 m (Figure 5.40 - Event 36) 
the highest waves in the model output were located close to shore along Salmon Point. 
Although the submarine extension of Salmon Point acts to increase wave heights in the area 
during some simulations, in others it acts to dampen wave height. During the large event 
simulations, wave heights are reduced in the zone behind the greatest wave heights so that there 
are lower waves found over the 6 m isobath (Figure 5.45 - Event2) while during small wave 
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event simulations (Figure 5.46 - Event 39) there are regions of low wave heights on either side 
of the ridge. 
The simulated wave environment around Salmon Point suggests that the area represents 
a convergence point for wave energy. The calculated wave base extends approximately three 
kilometers offshore from Salmon Point but within Athol Bay it is tens of metres from the 
southeast shoreline and approximately one kilometer from the barrier system. The change in 
location of wave base occurs over the steep slope on the northwest side of the Salmon Point 
ridge where the lake bottom drops quickly to approximately 30 m below the lake surface over a 
distance of 500 m. The potential therefore exists for the initiation of sediment transport on the 
northwest side of the Salmon Point ridge and into Athol Bay over the known area of 
accumulated sand size sediment. Potential sediment transport during even the most energetic 
wave conditions may move sand sized sediment as bedload or in saltation but at a distance 
from the bottom (e.g. - em's - m's) that would make it unlikely the sediment would be able to 
move up and over the bathymetric rise (-15 m) toward Soup Harbour. Any sand sized 
sediment under transport may therefore most likely be intercepted by the submarine extension 
of Salmon Point. 
The simulated wave environment in the region of Salmon Point also shows refraction of 
the approaching waves so that they are directed north toward and into Athol Bay or to the 
southeast. The wave base on the northwestern side of the submarine ridge extends well into 
Athol Bay and with the refraction of waves around Salmon Point would suggest that sediment 
on the lake bottom may be moved in an onshore direction, toward the barrier system. The 
effectiveness of wave action in transporting sediment toward shore would be linked to the 
changing wave environment of the lake and fluctuating lake levels. 
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Figure 6.10 - Example of westerly wave approach (Event 14) toward Athol Bay illustrating the 
zone of reduced wave heights near the north end of the barrier bar as well as the approach of large waves 
along the southern shore of the bay (6 m contour interval). 
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/ Figure 6.11 - Example of southerly wave approach (Event 16) toward Athol Bay illustrating the 
zone of reduced wave heights near the south end of the barrier bar as well as the approach of large waves 
along the northern shore of the bay (6 m contour interval). 
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6.1.4 - Wellington Barrier 
At approximately 8 km long the barrier bar in Wellington Bay is one of the longest on 
Lake Ontario. The barrier bar and dune system trend in a northwest-southeast direction and the. 
landform is almost entirely protected by Sandbanks Provincial Park. The shoreline of the 
barrier system is generally a fine to medium sand (Figure 5.1 and 5.7) although accumulations 
of coarse grained material (e.g. gravels and cobbles) do occur along its length but are more 
common toward the northern end of the barrier. The appearance of the cobble beaches at 
points along the barrier has been observed by various researchers (Woodward, 1949; Alexander 
and Green, 1972; Law, 1987; Slaats, 1988). At the southeastern end of the barrier is West 
Point, a limestone cliff approximately 4 - 5 m in height and which represents a change in 
coastline orientation toward Athol Bay. At the northern end of the barrier, a limestone cliff and 
platform coastline begins that extends for approximately 12 km in a west-southwesterly 
direction along the north shore of the bay before the coast changes direction towards the north 
near Nicholson Island (Figure 6.12). Changes in coastal orientation along the north shore do 
accumulate small and generally coarse grained sediment (e.g. - gravel and cobble). 
Bathymetry in Wellington bay generally slope uniformly from the northeast to the 
southwest through the deep section of the bay with a change of the bathymetry associated with 
the exposed bedrock on the north shore of the bay and around West Point (Figure 3.9). The 
slope toward the north end of the barrier bar is gentler and generally continues along the barrier 
except for two regions along the barrier where the isobaths extend in a southwesterly direction. 
Martini and Kwong (1985) identified the two elevated extensions from the barrier bar as 
bedrock which are then flanked on either side by sand deposits on their map of sediment 
distribution within Wellington Bay (Figure 6.1). The surface deposit of sand covering the two 
rises extends through the nearshore zone to the southeast toward West Point and may be 
connected with the deposit in Athol Bay. The sand body also extends north in the nearshore 
zone along the barrier bar, connecting with a body of sand in the channel between the two 
southwest trending bedrock rises extending north to the end of the barrier bar. Surficial sand is 
also identified as extending west along the entire north shore of the bay toward Nicholson 
Island in approximately 5 - 6 m water depth. 
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Town of Wellington 
Lake Ontario 
I Kilometer; 
Figure 6.12 - Air photo of Wellington Bay along the Western Coast of Prince Edward County showing the 
Wellington Bay barrier with exposed sand (light colour) separating Lake Ontario from West Lake; Yellow 
box indicates location of Figure 6.13 (Digital Globe, 2007) 
Two broad trends emerging from the wave event simulations in Wellington Bay are that 
the lowest waves, regardless of direction are found along a six kilometer reach of coastline just 
to the west of the town of Wellington and there was an increase in wave height over one if not 
both of the submarine rises that extend perpendicular to the barrier bar (Figure 5.49 - 5.58). In 
the wave simulations performed for Wellington Bay, wave propagation angles are directed 
along the north shore of the bay to the east toward the town of Wellington while at the same 
time wave angles along the barrier bar are oriented to the north also towards the town of 
Wellington (Figure 5.107). 
The wave direction vectors offshore from West Point (Figures 5.50 - 5.59) illustrate 
refraction and divergence around West Point. Waves are directed toward the large barrier bar in 
Wellington Bay or along the north shore of Athol Bay. Wave approach from the south appears 
to diverge around the point with little possibility for transport into Athol Bay. However, as the 
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wave orientation changes toward a more westerly approach, the direction vectors suggest that 
sediment movement into the bay may occur under certain conditions. Water depth drops to 16 
m off West Point but longer waves with longer periods (e.g. - 7.5 s) have a wave base (~ 20 m) 
that contacted the lake bed in the area and if sand was present on the bottom it could be moved 
into Athol Bay. 
Waves approaching Wellington Bay from the region to the southwest (225°) do so over 
more uniformly deep water than other directions. The region in that direction is bounded on the 
southeast by the Salmon Point Ridge and to the northwest by the high areas of the Scotch 
Bonnet Ridge. The approaching waves could then move sediment towards the north shore of 
the bay as well as to the area between West Point and the southern submarine bedrock rise. 
The largest waves in the Lake Ontario hindcast originated between 225 and 270° with 
maximum heights of 5 - 5.8 m and maximum periods of 9 - 10 s which result in a wave base of 
31.5m (9 s) and 42.9 m (10 s). At the nearest buoy to the region (Buoy 45012) the predominant 
direction of wave approach was from the west (270°) and west-southwest (247°) with 
maximum wave heights of 2.5 - 4 m and maximum periods between 7.5 and 10.8 s during the 
ice free season. The level of maximum wave activity produced a wave base that reached to 
depths between 21.9m (7.5s period) to 45 m (10.8 s period) in the region offshore from PEC. 
Although these wave heights are rare on Lake Ontario, the estimated wave base of these large 
waves has the potential to encounter the lake bed up to 20 km from the beach along the 
Wellington barrier bar. 
If the offshore highs associated with the Scotch Bonnet Ridge are composed of bedrock 
then as the waves contact the wave base they will simply refract and any sediment on the 
bedrock may be transported further into the bay. If the rises in bathymetry are covered with 
glacial sediment or are composed of glacial sediment then there is the possibility for the 
removal of material to the east as the wave base interacts with the lake bottom. Material in this 
offshore region of Wellington bay represents a potential additional source area of sediment for 
the littoral system. During storm events, large waves (e.g. 2 - 5 m) from the west may interact 
with the lake bottom to a depth of 20 - 30 m where it may mobilize and transport sediment 
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north towards the barrier system (Figure 5.28). As the sediment accumulates closer to shore, 
fair-weather wave conditions (e.g. 0.5 m waves) can then transport the sediment within the 
littoral system. If this area does represent a source area of material for the barrier, sediment 
may also be mobilized by smaller waves during periods when lake level was below datum. At a 
lower lake levels waves would encounter lake bottom further from the shoreline and thus have 
the potential to mobilize and transport sediment towards the barrier system. 
Wave approach into Wellington Bay is affected by the elevated bathymetry of the 
Scotch Bonnet Ridge which has some peaks reaching to within 10 m of the lake surface. The 
Scotch Bonnet Ridge particularly the Nicholson and Scotch Bonnet Islands and their bases act 
to block and refract waves around them and toward the northern coastline of the bay. 
Unfortunately in the initial layout for the simulation grid for Wellington Bay, the grid was not 
designed correctly and did not extend far enough offshore to capture this situation. The layout 
of the simulation grid was not initially thought to be an issue as the initial grids were selected 
in an attempt to balance grid size and computational time as well as focus on a particular reach 
of shoreline. Upon reflection the orientation and placement of the grids used in the simulations 
may have affected refraction and wave propagation toward the shore because of the position of 
land along the y-axis. Therefore although the impact of the offshore bathymetry is captured on 
the simulation of the entire coast of Prince Edward County, a decision was made to re-run the 
model simulation for Wellington Bay at the same resolution of the original (e.g. 25 m) and to 
extend the offshore limits past Nicholson Island to assess if there were any major differences 
after including the influence of complex bathymetry associated with the Scotch Bonnet Ridge 
on wave results. 
All attempts were made to keep the model simulation grids similar but they are different 
in different overall scales, the orientation of the x,y-axis as well as station location (e.g. 
latitude, longitude, depth). There were also a different number of stations placed on the model 
simulation grid in the second exercise. Because the model calculates information for each 
station fewer stations were chosen in an attempt to offset the additional computational time 
required for the larger model grid. A visual assessment of the model simulation outputs does 
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show overall differences in the output but there are similar trends between the original and 
second simulation grid. 
The wave propagation angles measured at the stations are different because the station 
location and orientation of x,y-axis were different on the second simulation. However, the 
wave propagation angles at the stations along the north shore of the grid in the second 
modeling attempt are all oriented to the east, toward the town of Wellington in the same 
manner that the angles are in the first simulation. In the second simulation of Wellington Bay, 
the station located closest to Hyucks Point did measure the influence of waves arriving through 
the gap between the mainland and Nicholson Island as will be seen in the next section. 
Given the change in grid orientation, wave angles along the Wellington barrier system 
show a slightly more complicated pattern than the original simulation. Wave angles along the 
length of the barrier in the second model simulation are similar to the original particularly 
during southerly and southwesterly wave events as all the angles are oriented to the northern 
end of the barrier. There is a noticeable change in the wave angles at the stations during the 
westerly to west-northwesterly wave events as the wave propagation angles are more similar to 
the adjusted angles used in the calculation of potential littoral transport and indicate a changing 
direction of transport along the barrier. It is suspected that this change in primarily due to the 
change in the orientation of the x,y-axis of the simulation grid. 
Wave heights in the second simulation also resembled the simulation output from the 
original modeling exercise. Along the north shore of the bay, again the actual heights are 
different but are highest near Hyucks Point and decrease to the east until they are lowest just 
offshore from the Town of Wellington. The islands and elevated bathymetry refract waves 
around and towards the north shore of Wellington Bay, particularly during higher energy 
events. The amount of influence of the bathymetry on fair weather waves is reduced but there 
is still refraction towards the north shore of the bay. The refraction of waves toward the north 
shore of Wellington Bay and the shallow pass between Nicholson Island and the mainland 
would appear to reduce the possibility of southeast transport through the gap. Examination of 
the wave heights for model simulation events 21 — 25 are used here to examine differences in 
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the two simulations of Wellington Bay. Along the north shore of Wellington Bay, average 
wave heights during the original simulation of events 2 1 - 2 5 were 1.40 m, 1.43 m, 1.33 m, 
1.15 m, 1.0 m while wave heights during the second simulation for the same events were 1.58 
m, 1.55 m, 1.34 m, 1.04 m, 0.80 m. The average wave height along the north shore of the bay 
during all of the events was 1.2 m in both of the model simulations. Wave height along the 
barrier bar at the head of the bay also showed a similar pattern of agreement. The average 
height of the waves at the stations along the barrier bar during the first model simulation for 
events 2 1 - 2 5 were 1.34 m, 1.46 m, 1.48 m, 1.46 m, 1.41 m while the average wave height 
during the same events in the second simulation were 1.53 m, 1.67 m, 1.60 m, 1.34 m, 1.05 m. 
There is an increase in the height of the average wave reaching the beach of the barrier bar 
during the second simulation but the average wave height along the barrier for both simulations 
was 1.4 m. Given the similarities in the wave heights and wave propagation results it was 
decided that the original simulation of Wellington Bay does in fact provide a reasonable 
overview of the wave climate. 
Sediment transport along the north shore of Wellington bay is generally directed to the 
east along the bay and toward the town of Wellington as indicated by the wave propagation 
angles in the wave simulations. At the town of Wellington, access to the local marina which is 
located on West Lake behind the barrier bar is maintained by a dredged channel and two jetties. 
The jetty on the north side of the navigation channel preferentially accumulates sediment on the 
northern side which would support littoral transport along the northern shore of the bay from 
west to east (Figure 6.13). Sediment has accumulated at this location due to the interruption of 
the littoral transport system from north to south resulting in an increase in the width of the 
beach while south of the southern jetty; the barrier is noticeably thinner suggesting possible 
erosion. Work by Law (1987); Slaats (1988) and Annable (1990) all indicated accumulation on 
the north side of the jetties. Slaats (1988) estimated an accumulation of approximately 670 m 
during the project monitoring period between May and October, 1988 while Annable (1990) 
estimated an accumulation of 2535 m3 during the period from April to November 1989. An 
estimate based on calculation of littoral transport under westerly approaching fair-weather 
waves at station 12 in Wellington Bay for the same time period (May to October) suggested a 
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value of approximately 15 000 m using the CERC equation which is much greater than the 
two prior estimates. 
Figure 6.13 - Accumulation of sediment on the north side of the maintained channel entrance to West Lake. 
(Digital Globe, 2007) 
Law (1987, 1989), Slaats (1988) and Annable (1990) each make reference to erosion 
south of the channel along the barrier bar. Law (1987) noted that erosion of the beach and 
foredune in the area was occurring at approximately 0.27m/year while Annable (1990) 
suggested a loss of 747 m3 during a period of monitoring from April to November 1989. 
Annable (1990) also noted a small 'stable' area immediately south of the channel which was 
considered to be a result of the opposing currents along the shoreline. This stable zone then 
transitioned into an area of erosion further to the southeast on the barrier. In addition to the 
sediment build up north of the jetty, Slaats (1988) also mentioned a reach on the barrier that is 
accreting approximately three kilometres south of the channel. 
Wave propagation angles along the barrier bar are oriented to the north and there are 
geoindicators that appear to support this idea. Sediment transport moves east along the north 
shore of Wellington Bay and then southeast along the barrier bar. Sediment accumulates along 
the north side of the jetties (Figure 6.13) so that after depositing its load, sediment erosion 
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occurs south of the maintained channel but past the 'stable' zone of Annable (1990). The sand 
from this region is then carried south down the barrier by the littoral current to the region noted 
by Slaats (1988) as undergoing accretion. The area is likely undergoing accretion as this is the 
location where littoral transport from the north meets littoral transport from the south. A 
sediment cloud in the nearshore region represents the mixing of these two currents and the 
deposition of material in the nearshore which can then be moved onshore by wave action 
(Figure 6.14). If this region of mixing does represent the intersection of the two opposing 
littoral currents then it is probable that they are directed offshore at this point, marking a 
subdivision of the littoral cell. Further south along the barrier, a plume of sediment in the 
nearshore zone appears to have a directional component to its form, possibly indicating flow to 
the northwest along the barrier. Although the wave propagation angles from the simulation 
events indicate waves moving all the way to the end of the barrier, it is possible that currents 
formed along the north shore of the bay are stronger and therefore can transport sediment south 
after being deflected. 
The simulated wave propagation angles were oriented toward the northern end of the 
barrier and also match the physical configuration of the barrier bar which is thicker on the 
southeastern end and thinner on the northwestern end. Even accounting for historic dune 
movement on the southern end of the barrier as outlined by Law (1989) the width of the barrier 
still transitions from a greater width at the southern end to a narrower northern end (Figure 
6.14). 
Wave propagation angles in the West Point region exhibit variation between the 
Wellington Bay and Athol Bay simulation grids. On the Wellington Bay grid, wave angles 
during all simulations were positive relative the x,y-axis indicating that the waves passed on 
both sides of West Point and any refraction around the promontory was not great enough for a 
negative angle to develop (Figure 5.107). Wave propagation angles were only the same for the 
simulation on the Athol Bay grid for a wave approach from the south while all other direction 
simulations produced negative angles relative to the grid indicating that the waves were 
refracting back towards the north side of West Point (Figures 5.103 - 5.106). 
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Figure 6.14- Littoral transport to the north along the Wellington barrier bar; I) possible area of opposing 
littoral currents; II) nearshore sediment plume indicating northward transport (Digital Globe, 2007) 
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6.1.5 - Nicholson Island 
Nicholson Island lies approximately 2 km from the mainland coast of PEC (Figure 
6.15). Scotch Bonnet Island to the southwest of Nicholson Island is approximately 4 km 
offshore from the mainland and represents an exposed portion of the submarine Scotch Bonnet 
Ridge (Figure 3.8). The northern coast of Wellington Bay is generally a limestone cliff until 
Huycks Point after which the coastline becomes indented around limestone bedrock headlands 
and platforms separated by barrier bars composed of fine (e.g. sand) to coarse (e.g. gravel) 
grained material (Figure 5.1). The bathymetry of the region (Figure 3.9) is some of the most 
irregular of the entire coast possibly due to its location near the northeastern end of the 
submarine Scotch Bonnet Ridge. 
Figure 6.15 - Air photo showing Nicholson Island region of Prince Edward County with Nicholson Island 
located in approximately the centre of the image with the much smaller Scotch Bonnet Island located to the 
southwest; Asterisk indicates location of Figure 6.16 and the double asterisk indicates the position of 
Figures 6.17 & 6.18 (Bing Maps, 2010) 
The Nicholson Island model grid encompasses the northeastern end of the Scotch 
Bonnet Ridge that rises to within 10 m of the lake surface at locations to the southwest. The 
lakebed in the region between Nicholson Island and the mainland is approximately 7 m deep 
and is identified as bedrock (Martini and Kwong, 1985). An approximately one kilometer wide 
submarine channel lies between the northern edge of Nicholson Island and a submarine 
extension off Island Point (Figure 3.9) where the lake bottom drops to an approximate depth of 
17m with an accumulation of sand sized sediment. A second area of sand-sized sediment is 
indicated in the region north of the bathymetric rise offshore from Island Point and in front of 
the North Beach and Pleasant Bay barrier bars (Martini and Kwong, 1985). To the north of the 
North Beach barrier system, the exposed bedrock shoreline of cliffs and platforms changes 
orientation several times while the lakebed is noted to be bedrock (Figure 5.1). 
Wave height throughout the Nicholson Island simulation grid is generally lowest in the 
sheltered areas of the islands depending on the orientation of simulated wave approach (Figures 
5.59 - 5.69). There are localized increases in wave height associated with bathymetric highs 
along the ridge to the southwest as well as short reaches along the coast such as at Island Point 
and nears Snider Point north of the North Beach barrier system. The islands and offshore 
bathymetry are important influences on the wave climate in the area. The overall trend in wave 
propagation angles during the simulations of the area was towards the north as the angles are 
positive relative to the simulation grid (Figure 5.108-5.111). Wave approach in this direction 
suggests sediment transport north along the coast and this northerly trend is supported by an 
observed outflow from Pleasant Bay that is deflected to the north (Figure 6.16). Transport to 
the north in the region is also supported in general by the distribution of sediment along this 
region of coast. The beach and barrier to the north of Huycks Point consists almost entirely of 
gravel and cobble (Figure 5.6) and the beach generally gets thinner and finer grained towards 
Island Point. The fining of grain size is an important geoindicator as sediment grain size 
normally decreases away from its source in a down-drift direction (Taggart and Swartz, 1988). 
No comparison was made between the sand in the submarine channel and the sediment of the 
Pleasant bay/Huycks bay barrier system but the sand identified by Martini and Kwong (1985) 
in the deep channel north of Nicholson Island may represent the source of sediment for this 
beach given its location and proximity to the shoreline. The sand body in the channel is isolated 
by the bathymetric bedrock highs on either side so that sand may be moved onshore from this 
sand body or it is moved across one of the bedrock highs to the barrier system. To the north of 
the Pleasant bay/Huycks Bay barrier system are the Pleasant Bay and North Beach barrier 
systems. The sediment on the Pleasant Bay and North Beach barriers (Figure 5.8 and 5.10) is 
almost entirely fine to medium grained sand on the surface but there are also accumulations of 
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limestone gravels. The sand of these barrier systems extends offshore to a depth of 
approximately 15 m on the north side of the bedrock ridge extending out from Island Point 
(Figure 6.1). 
Figure 6.16 - Image facing southwest shows deflected sediment accumulation between Huycks and Island 
Points as water exits Pleasant Bay. Island Point is visible to the right of image and Nicholson Island is to the 
left at the horizon. 
On the same barrier as the outlet from Pleasant Bay (Figure 6.16), but approximately 2 
km south, is a channel that appears to act as an intermittent outlet for Huycks bay (Figure 6.17). 
The channel between the bay and Lake Ontario was blocked by a high (~1.5 m) coarse grained 
beach which appears to have formed due to a north to south transport of material along the 
barrier system. The berms are composed of coarse grained sediment (e.g. gravel & cobble) and 
there appear to be four arcs directed into the channel as spit-like features with a reworked 
lakeward edge (Figure 6.18). The orientation of the arcs into the channel would appear to 
suggest that the sediment moved north to south gradually filling in the channel and diverting it 
further south. 
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Figure 6.17 - Air photo showing southern portion of barrier system on Huycks bay - White box indicates 
location of blocked channel and Figure 6.18 
Figure 6.18 - Coarse grained beach blocking channel between Huycks bay and Lake Ontario - Numbers on 
large dashed lines indicate arcing berms from north to south; short dashed lines indicate reworked beach 
face 
287 
A southerly directed littoral transport in this area was not suggested by the wave 
propagation angles at the closest station but there are several possibilities to explain the 
situation. The resolution of the offshore bathymetry may be insufficient to model the wave 
approach along this section of shore as this location. This location also lies in the lee of 
Nicholson Island between two exposed bedrock headlands and with a region of deeper water in 
the offshore zone which may influence the simulation outcomes. The resolution of the 
simulation grid may also not be sufficient to explain a feature of this scale behind the irregular 
offshore bathymetry associated with the two offshore islands. The spacing between the stations 
may also not have been adequate to detect littoral movement in this direction along the shore. 
The station just to the southeast of this general position, although closer to Huycks point does 
appear to indicate littoral transport to the southeast and towards the Huycks point (Figure 
5.111). This feature may also represent a landform that is the result of short term conditions 
and was formed just prior to the field visit. 
The bathymetry on the north side of Nicholson Island may be important for the outline 
of the mainland coast between Huycks Point and Island Point where the barrier system is set 
back from the general trend of the shoreline (Figure 6.15). Refraction over and around the 
submarine extension of Island Point and Nicholson Island may have influenced the current 
curved shape of barrier separating the Lake Ontario from Pleasant bay and Huycks Bay. The 
wave refraction pattern over the deep channel south of the ridge extending lakeward from 
Island Point allows larger simulated waves to approach on the north side of Nicholson Island 
and closer to shoreline between Huycks and Island Points (Figures 5.63 and 5.66). The depth of 
the channel also allows the wave base to extend northeastward toward the shoreline of barrier 
system (Figure 5.21). Larger waves in contact with the lake bottom for a greater period of time 
closer to shore may have contributed to the development of the barrier's set back position from 
the general configuration of the coast. The current wave climate may also be modifying a form 
that developed under prior climate conditions and lake levels. 
Wave propagation direction angles produced in the simulations and wave direction 
vectors suggest that there is limited transport of material around the tip of Huycks Point 
through the gap with Nicholson Island. In effect, the islands and adjacent bathymetry may 
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produce a shadow zone reducing the movement of sediment past Huycks Point during certain 
wave events. Wave approach from the south results in refraction around the island that 
produces wave propagation angles directed along the island on both sides toward the mainland 
and to the north (Figure 5.108). Wave directional vectors are directed through the gap between 
the island and the mainland and toward the barriers between Huycks and Island Points. 
Southwest wave vectors are still directed into the bay between Huycks and Island Points in this 
simulation (Figure 5.109) but refraction around the north side of Nicholson Island has deflected 
the vectors towards the southern part of the barrier. The wave propagation angle off the 
northeast end of the island now indicates wave movement through the gap to the southeast. 
There appears to be more convergence of wave vectors toward Huycks Point in the west-
southwesterly wave orientation simulation but the station off the northeast end of the island is 
the same as for the southwest direction (Figure 5.109). As the waves shift to a westerly 
approach, a change appears in the movement of waves through the gap. Wave vectors still 
converge at Huycks Point as refraction around the island from the north intersects with 
refracted waves from the south. Wave propagation angles near the eastern end of the island 
toward the gap are now indicated by two stations on the island and waves are now striking the 
western side of Huycks Point normal to the shore, (Figure 5.110) which suggests potential 
movement through the gap to the southeast. The trend continues for west-northwesterly waves 
as wave propagation angles at the nearshore stations and wave direction vectors both are 
oriented through the gap (Figure 5.111). 
Large waves from the west are common and may move sediment through the gap but 
large waves from the northwest occur infrequently because of the short fetch between the 
island and the north shore of the lake. Northwesterly winds are generally more common during 
the winter when a large ice foot typically forms in the area which limits wave action. The gap 
between the island and the mainland is also influenced by the southwest bedrock extension off 
Island Point which creates an increase in wave height to the northwest of the gap and may 
induce breaking during larger wave events (Figure 5.68). In order to move sediment through 
the gap into Wellington Bay it needs to be moved up from a depth of about 10 m within the 
channel in order to traverse the bedrock ridge. Although wave vectors close to Nicholson 
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Island are oriented through the gap, those closer to shore still indicate refraction over the ridge 
off Island Point and into the bay to the east (Figure 5.68 and 5.69). 
6.1.6 - Weller's Bay 
The northern-most barrier system on the western shore of PEC, referred to here as the 
Weller's Bay barrier system, is composed of two barrier bars and Bald Head Island that 
separate Weller's Bay from Lake Ontario. At the northern end of the barrier system is the 
second maintained channel along the coast which provides access to Weller's Bay (Figure 
6.19a). Bathymetry of the nearshore of the Weller's Bay region is generally uniform and 
shallow throughout much of the area whereas in the offshore area there are several bathymetric 
rises that are only metres (3 - 6 m) below the lake surface (Figure 3.9). From Snider Point to 
Robinson Point the lake bed is interpreted as bedrock but further to the northwest into the 
shallow waters in front of the Weller's Bay barrier system the lake bottom is covered with sand 
sized sediment (Figure 6.1) (Martini and Kwong, 1985). The sand sized sediment extends to a 
depth of approximately 10 m offshore from the Weller's Bay barrier systems and north towards 
the north shore of the Lake. The sand deposit stretches west to the end of the Presqu'ile 
Peninsula and continues west along the southern shore of the peninsula, separated from the 
coast by a bedrock exposure. On shore, limestone cliffs and platforms extend from Snider Point 
to Robinson Point but north of Robinson Point a coarse beach (e.g. gravel and cobble) 
transitions into the sand sized sediment on the barrier systems (Figure 5.1). 
Wave heights are generally highest over some of the irregular offshore bathymetric 
highs as well as on the submarine bedrock extension to the northwest of Robinson Point 
(Figures 5.70 - 5.79). The shallower nature of the nearshore waters result in reduced wave 
heights throughout much of the region to the west of the Weller's Bay barrier system. 
Approximately midway along the barrier island south of Bald Head Island, the isobaths (Figure 
3.9) indicate an extension almost perpendicular to the barrier as well as an increase in depth to 
approximately 3 m. This bathymetric rise is one of the primary areas for an increase in wave 
height particularly associated with waves around 2 m in height (Figure 5.72) while larger 
waves generally attain their greatest height to the southwest toward the end of the ridge (Figure 
5.74) as refraction reduces the height of the waves over the ridge. 
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Figure 6.19a - Aerial image showing Weller's Bay study area (Top); White dashed box indicates location of 
Figure 6.19b (Bottom); Black box indicates navigation channel to Weller's Bay; Arrow indicates direction 
of sediment transport (Bing Maps, 2010: Barnes, 2002) 
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The simulation grid for the entire shore of Prince Edward County indicates all the wave 
propagation angles along this stretch of coast are oriented toward the north (Figures 5.112 -
5.114). However on the model grid of just the Weller's Bay region the pattern is not as clear 
and does not continue the trend of angles oriented to the north as was the case around 
Nicholson Island. This may have resulted from the fact that the design of the Weller's Bay grid 
was not large enough and as such it may have missed important effects resulting from wave 
refraction around the Presqu'ile Peninsula and Gull and High Bluff Islands to the southwest. 
In the Weller's Bay wave simulations, refraction around the submarine high north of 
Robinson Point during a southerly wave approach produces refraction around the high so that 
waves approach the shoreline from the southwest. Refraction of southerly waves around Bald 
Head Island produces wave propagation angles that may help explain the offset of northern 
barrier island in the Weller's Bay system. As the origin of the waves becomes more westerly 
the model suggests that transport is in the opposite direction to that suggested in the simulation 
of the entire coast (Figures 5.112-5.114). If the changes in wave angle propagation for the 
local Weller's Bay grid are accurate, the changing angles along the barrier may indicate the 
position of the littoral cell boundary shifts its location along this stretch of coastline from near 
the southern end of the barrier under southerly waves to a point mid-barrier under 
southwesterly waves and finally to a position on the northern barrier from a more westerly 
wave approach. The shifting directions of littoral drift with changing wave direction may 
produce a continually shifting volume of sediment within the nearshore zone. 
If the wave propagation angles in the simulation of the entire PEC coast are correct then 
sediment should be accumulating on the updrift section of the barrier but this is not readily 
apparent. The island may also function similar to a groyne by influencing refraction and 
erosion on the downdrift north side of Bald Head Island. In the nearshore area immediately 
southwest of Bald Head Island there is a bathymetric change of approximately 4 m over a 
distance of about 250 m. In the nearshore zone approximately 500 m south of Bald Head 
Island there is an extension of the isobaths in an offshore direction to a depth of approximately 
nine metres. Wave propagation vectors and angles produced on the regional grid suggest wave 
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refraction around these bathymetric changes associated with Bald Head Island. Wave refraction 
and the subsequent sediment transport may have contributed to the position of attachment of 
the barrier islands to the island. Additionally, on the main barrier island south of Bald Head 
Island, simulated wave propagation angles indicate a change in wave approach towards the 
shoreline of the barrier system (Events 23 - 25). As the simulated wave approach shifts to a 
southerly to westerly approach, wave angles change from being oriented towards the northern 
end of the barrier to being oriented to the southern end. 
The visible accumulation of sediment on the north end of the northern barrier island 
appears to support the idealized angles (Figure 5.112-5.114). The northern most angles on the 
barrier bar are angled to the north in all of the direction simulations and suggest transport to the 
north which is supported by geoindicators. Sediment accumulation on the southeast side of the 
access channel to Weller's Bay indicates that sediment transport is to the north has occurred 
historically in this section of the littoral system (Figure 6.19b). Sediment transport from the 
west along the mainland shoreline from the Presqu'ile Peninsula area is suggested by the build 
up of sediment on the north side of the channel (Figure 6.19b). Transport of sediment along this 
shoreline in this direction (east) is supported by simulated wave propagation angles at the four 
stations along that reach of coast, as all indicate movement toward the entrance channel to 
Weller's Bay (Figure 5.112 - 5.114). An additional supporting fact suggesting sediment 
transport to the north can be found on a satellite image available on Bing Maps (2010) and 
showing a section of the main Weller's Bay barrier bar (Figure 6.20). The image shows what 
appear to be sediment 'slugs' moving northwestward toward Bald Head Island along the barrier 
island. 
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Figure 6.20 - Air photo of a section of the larger barrier bar at Weller's Bay - south of Bald Head Island; 
black arrows indicate sediment 'slugs'; white arrow indicates direction of movement (Bing Maps, 2010) 
The northern island of the Weller's bay barrier island has experienced a significant 
change in form in the recent past. It is not known when the change occurred because of the 
difficulty in determining dates for publicly available satellite images of the region as all 
attempts at determining acquisition dates for the images met with no success. The 
orthoimagery of the Presqu'ile peninsula region (Barnes, 2002) included the northern barrier 
island of the Weller's Bay barrier system and showed a channel in the northern island leading 
into Weller's bay near the south end of the island near Bald Head Island, in addition to the 
maintained channel at the northern end (Figure 6.19b). The channel in the barrier is evident on 
publicly available satellite images on the internet (e.g. Bing maps and Google maps) with 
imagery dates listed only as -2009. A recently updated mosaic of Prince Edward County on 
Google maps shows that the channel in the northern barrier island has been closed (Figure 
6.21). The image shows what appears to be a beach formed right across the mouth of the 
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former channel leading into the bay. The closure of the channel indicates that one or more 
variables in determining wave climate and sediment transport in this area have changed. 
Figure 6.21 - Air photo of Weller's Bay showing the closure of the gap in the northern island 
(white box) (Google maps, 2010) 
As occurred in the layout of the Wellington Bay simulation grid a section of the 
northern shoreline between the entrance to Presqu'ile Bay and the access channel to Weller's 
Bay was omitted during the initial simulation. Again the omission at the time was not 
considered to be critical to the overall results of the project simulations but it was decided to 
rebuild a grid for the region. The rebuilt grid included the missing reach of the mainland 
shoreline between Presqu'ile Bay and Weller's Bay as well as an overall larger grid area that 
extended west beyond High Bluff Island on the western side of the Presqu'ile peninsula and 
south past Scotch Bonnet Island, all in an effort to examine any differences in the simulation 
results around Weller's Bay. 
The new model simulation grid for Weller's Bay had similar differences to that of the 
second simulation of Wellington Bay including a different size of simulation grid, a different 
number of stations selected along the shoreline and different x-azimuth orientation. Wave 
simulation events 2 1 - 2 5 of the original forty were again used as the examples in this 
discussion the model simulations. The wave propagation angles at the stations along the 
section of mainland shoreline between Presqu'ile Bay and Weller's Bay omitted in the original 
simulation continued the trend of angle orientation from the original simulation at stations 1 - 5 
(Figures 5.112 - 5.114). In both the original and second simulation, all the angles along this 
section of the mainland shoreline are oriented to the east, towards Weller's Bay signifying a 
movement in that direction. These wave angles support the initial simulation results that 
suggest sediment transport occurs to the east and toward the maintained channel into Weller's 
Bay. The new model simulation of the Weller's Bay area also indicates wave propagation 
vectors and angles into Presqu'ile bay which the original did not show due to the limitations of 
the grid design. The movement of waves into Presqu'ile Bay suggests there is potential for 
sediment transport into the bay from the south along the eastern end of the Presqu'ile 
peninsula. Using the second wave simulation results of the study area, a location for the 
change in direction of wave propagation could not be determined due to the coarseness of the 
simulation grid. More detailed bathymetry and a finer model simulation grid are required to 
determine if there is a point along the reach of mainland shoreline to the west of the entrance to 
Presqu'ile Bay where the propagation angle of the refracting waves changes toward the 
entrance to the bay. 
There are small differences in wave height between similar station locations on the two 
model simulations of the Weller's Bay region. The first four station locations from the 
original simulation (#1-4) correspond generally to station locations (#15 - 18) in the second 
model simulation so that station #4 and #18 are closest to the entrance channel to Weller's Bay. 
The original wave simulation produced higher wave heights during wave approach from the 
south (#21) and southwest (#22) which may be due to the fact that the waves do not pass over 
the Scotch Bonnet Ridge (Table 6.1). In contrast, the second simulation of the region generally 
produced higher waves during the other three directional events (# 23 - 25). The discrepancy 
in wave heights from the more westerly directions may be related to the larger grid area to the 
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west as well as the inclusion of the Presqu'ile peninsula which influences refraction patterns 
around the Presqu'ile peninsula and towards Weller's Bay. 
Event 
Station 
1 
15 
2 
16 
3 
17 
4 
18 
Avgl 
Range 1 
Avg2 
Range 2 
21 
1.6 
1.15 
1.52 
1.19 
1.71 
1.08 
1.08 
1.02 
1.18 
0.63 
1.11 
0.21 
22 
1.4 
1.15 
1.37 
1.23 
1.49 
1.33 
1.08 
1.48 
1.07 
0.41 
1.30 
0.33 
23 
1.19 
1.15 
1.16 
1.23 
1.23 
1.33 
1.08 
1.54 
0.93 
0.16 
1.31 
0.39 
24 
0.98 
1.15 
0.95 
1.23 
0.97 
1.33 
1.08 
1.42 
0.80 
0.19 
1.28 
0.29 
25 
0.44 
1.15 
0.82 
1.21 
0.82 
1.29 
0.94 
1.25 
0.60 
0.56 
1.23 
0.41 
Table 6.1 - Comparison of similar stations on the two simulation grids for the Weller's Bay region; Stations 
# 1 - 4 from original simulation; Stations #15 - 18 from second simulation; shaded cell indicate higher 
simulated wave height; - Avg. represents the average wave values along that reach of shore during that 
event simulation and Range indicates the range of wave heights at those stations during each event 
simulation; One (1) is the original simulation and two (2) is the second simulation 
The average wave height along this reach of shoreline during the different directional 
wave events is similar for southerly waves at approximately 1.10 m but with a greater 
difference during the other wave orientations. The wave events simulated on the first model 
grid also result in a greater range of wave heights at the four similar station locations (Table 
6.1). Although there were variations in the simulated wave height along this reach during the 
second simulation, the wave propagation angles at the stations still indicated a trend toward 
Weller's Bay. The lack of change in wave angles was taken to represent a similarity between 
the two simulations so no changes were made to the calculations of littoral transport which 
were based on the results of the original simulation grid. 
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The mainland shoreline between the entrance to Presqu'ile Bay and Weller's Bay has a 
relatively unobstructed approach for waves from a southwesterly direction (Figure 3.7). In 
both model simulations the largest wave heights along this reach of the mainland were recorded 
during either southerly or southwesterly wave events. Although not prevalent along the shore 
the approach of 1.3 - 1.7 m simulated waves suggests that large waves can enter this region of 
the shore and affect the shoreline. These results appear to offer some support for those 
landowners who have chosen to develop shore protection along their property (Figure 6.22). 
Figure 6.22- Example of some significant shore protection measures to the west of the Weller's Bay access 
channel 
6.1.7 - Presqu'ile Peninsula 
Presqu'ile peninsula is the northern-most model simulation grid in the study area. The 
peninsula is a tombolo formed off the north shore of Lake Ontario and extends lakeward 
approximately 3 km. Almost the entire peninsula is protected as a provincial park except for a 
small region on the northern and eastern shores (Figure 6.23). 
Popham Bay fronts a 2.5 kilometre long beach with sand sized sediment on the western 
side of the peninsula. The bay has a gentle gradient to the west, reaching a water depth of 10 m 
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approximately 3.5 km west of the beach. There are steeper slopes in the area surrounding High 
Bluff Island as well as some submarine rises to the southwest that reach to within 5 m of the 
lake surface. There is a more rapid decrease in depth to about 15 m off the south shore of the 
peninsula before the lake bottom rises again into the more complex and shallower bathymetry 
offshore from the Weller's Bay area. The sand size sediment on the lake bed in the bay 
extends along the entire length of the western oriented shoreline of the peninsula and westward 
approximately 11 km to Ogden Point south of the town of Colborne, ON where the sediment is 
found at a depth of approximately 10 m (Figure 6.1) (Martini and Kwong, 1985). 
Figure 6.23 - Air photo showing the Presqu'ile Peninsula area study region (Barnes, 2002) 
A second region of sand sized sediment is located along the south shore of the peninsula below 
a depth of about 5.5 m (Figure 6.1) and it is laterally continuous with the area of sand in front 
of Weller's Bay. The two regions of sand around the peninsula are separated by a ridge of 
bedrock as well as an area identified as 'hard bottom' or 'glacial sediments' (Martini and 
Kwong, 1985). 
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Wave heights around the peninsula during large wave events (e.g. - 2 - 5 m) generally 
are highest over the offshore submarine rises to the southwest of High Bluff Island although 
there are locations along the coast where higher waves do approach closer to shore ashore 
(Figures 5.80 - 5.89). High Bluff and Gull Islands create zones of reduced wave heights on 
both the north and south sides due to refraction but the area of lake encompassed within this 
shadow zone is affected by wave approach direction. 
Littoral transport along the north shore of Lake Ontario moves sediment in an easterly 
direction towards Popham Bay and the Presqu'ile peninsula (Rukavina, 1976). Popham Bay 
therefore acts as a trap to the sediment being transported along the northern coast, leading to 
the preferential accumulation of sediment on the western side of the peninsula. The historical 
growth of the peninsula is evident in the recurved sand spits known as the 'Fingers' on the east 
side of the peninsula. The spits grew as sediment was transported from the west and their 
growth continued until the mainland and island was joined at which time sediment began to 
accumulate in a westward direction (Blaney, 2010). 
Simulated wave propagation angles from the model simulations indicate a movement 
from west to east along the north shore of Lake Ontario regardless of the original wave 
direction which supports prior research (Rukavina, 1976) and the regional geomorphology (e.g. 
- The 'Fingers' on the east side of the peninsula) (Figures 5.115-5.118). Air imagery also 
supports an eastward movement of sediment into Popham Bay as there is a sediment plume on 
the north shore of the lake that appears to be moving to the east around the Spencer Point area 
(Figure 6.24). 
Refraction and wave interaction over offshore bathymetry and around High Bluff Island 
and Gull Island produces a complex simulated wave environment. Wave approach from the 
south produces wave angles on the simulation grid that are oriented to the northeast around the 
north, west and south sides of High Bluff Island as well as along the south shore of Gull Island. 
Southerly wave approach however is refracted around High Bluff Island so that waves 
approach to the north side of Gull Island from the west (Figure 5.115). This general trend of 
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refraction around High Bluff and Gull Islands continues for other wave approach directions so 
that wave propagation angles along the north side of Gull Island are oriented to the east 
(Figures 5.115 - 5.118). As wave approach changes to a more westerly orientation, the stations 
along the north side of High Bluff Island also indicated simulated wave propagation angles that 
are oriented to the east. Within the gaps between High Bluff Island and Gull Island, waves are 
angled to the east - southeasterly direction on the north side of the islands while on the south 
side they are oriented to east and northeast. The simulated wave angles would seem to suggest 
potential sediment transport along the two islands in a generally easterly direction toward the 
large beach on the western side of the peninsula on the north side of the islands and toward the 
south shore of the peninsula on the south sides of the islands. 
Figure 6.24 - Main beach on the western side of the Presqu'ile Peninsula. Yellow areas indicate interpreted 
sediment transport along Presqu'ile beach (Barnes, 2002) 
The simulated wave propagation angles along the shoreline of the western side of the 
peninsula suggest that at some point near the mid point of the beach (Station #17) in a north to 
south direction, there is a divergence of littoral flow with one current directed to the north and 
another to the south. The position on the beach where the two currents separate is relatively 
consistent through all five direction simulations (Figures 5.115 - 5.118). The divergence of the 
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north-south littoral currents transporting sediment may result in the creation of a sediment 
plume in the nearshore zone (Figure 6.24). The location of the nearshore sediment plume 
approximately mid-way along the large beach is close to the region (Station #17) suggested by 
the wave propagation angles in the model simulations of the Presqu'ile study area. 
Physical features on High Bluff and Gull Islands also suggest littoral transport to the 
east along both the north and south shorelines (Figure 6.25). On the northeastern end of High 
Bluff Island is what appears to be an accumulation of sediment projecting from the island in an 
easterly or downdrift direction (Figure 6.25a). The feature is probably the result refracting 
waves around and along both sides of the island. It was not determined what type of sediment 
composes the accumulation or if there is bedrock exposed in the region. It appears that 
sediment accumulations on both sides of the island have extended eastwards and joined, 
possibly creating a wetland area between them. 
Wave refraction around High Bluff and Gull Islands may also result in the 
transportation of material through the gaps between the islands or the gap between the island 
and the mainland depending on the wave environment. Simulated wave angles are oriented 
along each side of the islands to the northeast and simulated wave refraction produces wave 
vectors oriented toward each other in the area of the gaps between the islands (Figures 5.115-
5.118). The convergence of the south flowing littoral current along the western shoreline of the 
peninsula and the eastward current moving along the north side of High Bluff and Gull Islands 
may also influence the movement of sediment through the gap between Gull Island and the 
mainland. Figure 6.25b does appear to show sediment transport through the gap between the 
Gull Island and the mainland as what appear to be sediment plumes are visible on the south 
side of the island. 
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Figure 6.25 - Offshore islands to the southwest of the Presqu'ile Peninsula with insets illustrating sediment 
accumulations showing littoral transport direction (Barnes, 2002) 
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Waves oriented from a westerly approach may move sediment to the south of High 
Bluff Island and then eastwards during select wave events. The conditions simulated in Events 
2 1 - 2 5 (Figures 5.115-5.118) have wave heights of an appropriate size (~ 2 m) for the wave 
base to contact the lake bed in the region south of High Bluff Island and possibly mobilize and 
transport sediment eastwards (Figure 25). If sediment is moved past the southern shoreline of 
High Bluff Island it may then be moved eastwards towards Weller's Bay. 
Wave propagation angles from the model simulations suggest littoral transport along 
the south shore of the Presqu'ile peninsula is from west to east toward Weller's Bay for all five 
wave direction simulations (Figures 5.115-5.118). Air imagery of the southern shoreline of 
the peninsula shows a sediment plume that appears to indicate a movement of water eastwards 
down the length of the peninsula (Figure 6.23 and 6.26). Imager resolution also allows 
visualization of surface waves and these waves are generally oriented to the shoreline in a 
similar direction as the simulated waves. Sediment accumulations along the south shore of the 
peninsula consist of gravel and cobble but there is little surface accumulation of sand sized 
sediment visible on the shore. Approximately 6 km east of the sediment plume in Figure 6.26, 
another illustration of sediment transport east along the southern shore of the Presqu'ile 
peninsula is visible flowing past the sharp change in shoreline orientation and offshore towards 
Weller's Bay (Figure 6.27). 
At the eastern-most promontory of the Presqu'ile peninsula waves refract to the north 
and towards the entrance to Presqu'ile Bay and the mainland shore between the peninsula and 
Weller's Bay. The refraction around the eastern tip of the peninsula is shown in the model 
simulations as the wave direction vectors and propagation angles are oriented to the north along 
the eastern end of the peninsula which would suggest littoral transport toward the entrance to 
Presqu'ile Bay. Transport of sediment along this eastern shoreline to the north is supported by 
the presence of a spit that has developed to the north off the northward oriented shoreline on 
the eastern end of the peninsula (Figure 6.27). 
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Figure 6.26- Aerial image showing wave angles along the southern shore of the Presqu'ile Peninsula and 
the nearshore plume that appears to indicate movement from west (right) to east (left) (Barnes, 2002) 
Figure 6.27 - Aerial image showing the eastern tip of the Presqu'ile peninsula; a sediment plume extending 
east towards Weller's Bay; dashed circle illustrates a spit growing north (Barnes, 2002) 
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6.2 - Prince Edward County 
The western shore of Prince Edward County is oriented to the west, facing directly into 
the path of eastward moving storms across Lake Ontario. The peninsula stretches out 
approximately 45 km in a southeasterly direction near the eastern end of Lake Ontario creating 
a maximum fetch from various locations along the shore of around 200 km. The long fetches 
can produce large waves on Lake Ontario with a limited number of islands protecting the 
coastlines. 
The exposed bedrock headlands along the shore of PEC all have high exposure values 
according to the exposure classification system and represent five of the top six values 
generated, while the only other location is the sandy beach of the Wellington barrier system 
(Table 5.8 and 5.9). In the first exposure rating (Table 5.8) a total of three measurements, 
shore normal and 22.5° on either side of normal were used to generate a value while the second 
rating (Table 5.9) used a total of 5 measurements, zero or shore normal along with 22.5° and 
45° on either side of zero. The difference in numeric value is approximately double in most 
cases but the difference in ranked order of location is very similar with only two exceptions, 
the Presqu'ile Beach and a location near Spencer Point on the north shore of Lake Ontario west 
of Presqu'ile peninsula (Table 5.8 and 5.9). 
Using the methods of exposure calculation, exposure values for locations along the 
coast ranged from approximately 7 000 - 41 000. When compared against the value of an 
enclosed protected location such as Presqu'ile Bay (440.8), the exposed nature of sites along 
the coast is evident. Using the third exposure calculation system (Table 5.10) and its matrix 
(Table 5.11) each of the twenty locations along the coast was placed into a ranked category of 
the matrix. Combining the two exposure ranking systems, locations with a numerical value of 
10 000 - 40 000 from the first system are classified as exposed in the second. There is some 
overlap in the numerical values for the semi-exposed category locations as semi-exposed sites 
had a numerical value of 6 000 - 22 000 using the initial wave exposure calculation. The 
exposure ratings for the shore locations (Table 5.10) were then compared to the generalized 
coastal classification system (Figure 5.1). Those sites classified as 'exposed' and 'semi-
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exposed' encompassed the range of coastal environments on the shore including limestone 
bedrock as well as sandy and coarse beaches 
6.2.1 - Prince Edward County Littoral Cells 
Regionally, sediment transport has historically been understood to move in an easterly 
direction along the north shore of Lake Ontario (Rukavina, 1976) and then continue 
southeasterly along the Coast of Prince Edward County and around Point Petre to the east 
(Figure 3.12). Along the irregular coastline of PEC, sediment transport is probably limited to 
circulation/recirculation within limited reaches along the shore with possible sediment transfer 
between the littoral cells during larger scale wind and wave events. Littoral cell definition 
using the analysis of wave propagation angles and wave direction vectors found in this study 
allows for the proposed delineation of several large-scale littoral cell divisions along the 
western coast of Prince Edward County (Figure 6.28). In figure 6.28 black lines indicate 
divisions between littoral cells and are fixed even with varying wave approach directions. Red 
lines indicate an inferred location for a sub-cell boundary but further modeling, more accurate 
bathymetry and field observation are required to delineate the location or zone within which the 
boundary may exist. Some sub-cell boundaries may be represented by a zone rather than a 
definite position because the location of the boundary shifts along the shoreline in accordance 
with prevailing wave conditions. 
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Figure 6.28- Map of the western shoreline of PEC delineating proposed littoral cell boundaries. 
Cell 1 - Popham Bay - Presqu'ile Peninsula 
Sediment transport is west to east along the north shore of Lake Ontario and into 
Popham Bay, a regional sediment sink. Sediment moves into Popham Bay where it is 
reworked and contributed to the development of the tombolo. Wave refraction around High 
Bluff Island in the model simulations creates a divergence of wave energy around the 
southwest tip of the island with wave propagation angles oriented toward the east suggesting a 
littoral current along the north shore of High Bluff and Gull Islands toward the west facing 
beach as well as along the south shore of the islands to the east. The current along the north 
side of the islands continues and interacts with the littoral current flowing south from a position 
near the mid-point of the main beach. As waves approach the main beach on the western side 
of the peninsula sediment transport occurs to the north and to the south. The location along the 
beach where sediment transport switches from north to south shifts position along the shoreline 
in accordance with the changing wave approach directions. The sediment transport directed to 
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the north interacts at some point towards the north end of the beach with the littoral current 
approaching from the west. The boundary at the divergence point on the southwest tip of High 
Bluff Island is a permeable or leaky boundary given the possibility of sediment bypassing the 
island to the south. 
Cell 2 - Presqu'ile Peninsula - Welter's Bay - Robinson Point 
From the south side of High Bluff Island, littoral transport continues in an easterly 
direction along the south shore of the Presqu'ile Peninsula into the sediment sink at Weller's 
Bay. Sediment may enter this cell around the south side of High Bluff Island during larger 
wave events or it may pass through the gap between High Bluff and Gull Islands or Gull Island 
and the mainland. Littoral transport moves sediment along the southern shoreline of the 
peninsula in an easterly direction. Refraction around the eastern tip of the peninsula as seen in 
the wave simulations moves some sediment in a northerly direction along the eastern shoreline 
of the Presqu'ile peninsula toward the entrance of Presqu'ile Bay. Littoral transport is also 
moving sediment north from the Robinson Point area toward Weller's Bay. Changes in littoral 
transport direction from north to south may develop along the main barrier south of Bald Head 
Island as indicated by the simulation on the regional grid of the Weller's Bay study area but the 
coarser resolution study grid for the entire coast of PEC suggests transport only to the north. 
Sediment movement to the north does occur on the smaller barrier bar north of Bald Head 
Island where it is intercepted by the southern jetty built at the entrance to Weller's Bay. The 
boundary of the cell is believed to be near the exposed bedrock of Robinson Point and its 
submarine extension of the isobaths to the southwest. Simulated wave angles indicate wave 
propagation angles in the simulations are oriented at opposing angles at this location so that 
north of Robinson Point waves are angled to the north and south of the point, wave angles are 
to the south. The divergence of wave angles occurs in a region over an area interpreted as 
bedrock and between the mapped locations of sand sized sediment on the lakebed. 
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Cell 3 - Robinson Point to Nicholson Island 
The Robinson Point - Nicholson Island littoral division includes two smaller sub-cells 
of littoral transport. The first sub-cell is within the small bay between Huycks Point and Island 
Point. Refracted waves around Nicholson Island help to move sediment north from Huycks 
Point toward Island Point. The bathymetric slopes created by the submarine bedrock extension 
from Island Point combined with the channel north of Nicholson Island probably act to separate 
this cell and the other sub-cell to the north. Storm wave events may transport sand from the 
channel north of Nicholson Island toward shore where it is then moved north along the barrier. 
As the sediment reaches the northern end of the barrier system it enters an area with steeper 
isobaths on the south side of Island Point. Refraction around the submarine extension of Island 
Point in the simulations would suggest the sediment is directed offshore toward the 
accumulation of sediment in the channel by opposing littoral currents. 
The second sub-cell probably circulates between the north side of Island Point and 
Snider Point, an exposed bedrock headland north of North Beach. Refracted waves around 
Island Point may move sediment north along the Pleasant Bay barrier system toward the North 
Beach barrier system. Sediment transport may continue north along the North Beach barrier 
bar to a point where it encounters the refracted waves around the exposed bedrock headland 
and steeper offshore slopes associated with Snider Point. Wave action probably limits transport 
of sediment to the north and west across the nearshore bedrock. Instead the sediment is 
probably transported back to the east, toward shore and the location of the sediment 
accumulation offshore from North Beach and Pleasant Bay barrier systems. The bedrock 
headland between the Pleasant Bay and North Beach barriers extends approximately 30 m 
lakeward from the shoreline but there is no associated lakeward extension of the isobaths 
evident on available bathymetric data. The lack of an extension of the isobaths probably limits 
its role in influencing sediment transport through this region of the coast to the north. 
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Cell 4 - Nicholson Island to West Point 
Eastward of Nicholson Island, littoral transport moves sediment east along the north 
shore of Wellington Bay towards the town of Wellington. Littoral transport is disrupted by two 
jetties constructed at the town of Wellington inducing accumulation on the north side of the 
jetties and erosion on the south side. Northerly directed littoral transport is also occuring 
toward the town of Wellington along the Wellington barrier system. The convergence of the 
two opposing currents appears to occur towards the northern end of the barrier system. 
Although the general littoral movement appears to be northward along the barrier, local 
changes in littoral current probably develop in response to varying wind and wave conditions. 
Wave propagation angles and vectors in the simulations show a divergence around the West 
Point headland so that waves pass north of the headland onto the Wellington barrier system as 
well as south into Athol Bay. The boundary of the littoral cell at West Point is fixed but should 
be considered permeable under certain wave conditions (e.g. - westerly approach) allowing 
some sediment to bypass it into Athol Bay. 
Cell 5 - West Point to Salmon Point 
The northern boundary for this cell is at the exposed bedrock headland of West Point 
while the southern boundary is the exposed bedrock headland of Salmon Point and its 
submarine extension, the Salmon Point ridge. Some sediment may pass the permeable 
boundary at West Point to the south during storm conditions with a westerly wave approach. 
Wave propagation angles and vectors suggest littoral transport moves sediment along the 
exposed bedrock shores on both the north and south sides of the bay toward the barrier system 
at the northeast end of Athol Bay. The exposed bedrock of Salmon Point on the southeastern 
outer edge of Athol Bay also creates a divergence of simulated wave propagation angles and 
vectors. Waves are directed around Salmon Point northeastwards into Athol Bay and eastward 
along the shore towards Soup Harbour. The direction of wave propagation into the bay and the 
steep bathymetry associated with the north side of Salmon Point and the Salmon Point ridge 
probably limit the amount of sediment transported out of Athol Bay to the southeast. The 
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boundary of the cell at Salmon Point is therefore a fixed boundary and probably impermeable 
to easterly directed transport. 
Cell 6 - Salmon Point to Point Petre 
Wave propagation angles and vectors from the model simulations suggest littoral 
transport on the southeast side of Salmon Point moves sediment to the northeast into Soup 
Harbour along the north shore of the bay. The simulation of wave propagation angles and 
vectors around the exposed bedrock of Point Petre indicates that waves are directed north into 
Soup Harbour along the southeastern shore of the bay and east along the southern coast of 
PEC. At the head of the embayment the two littoral systems converge at a point along the 
coarse grained shore on the northeast end of the bay. The lack of sand-sized sediment in Soup 
Harbour suggests that it is not being transported south along the coast past Salmon Point. The 
wave propagation angles and vectors along the south shore in the Soup Harbour simulations 
also suggest that transport does not occur around to the south of Point Petre as waves are 
directed into Athol Bay and not past the Point Petre. 
Cell 7 - Point Petre eastwards 
The study area of this research ended at Point Petre but some general comments can be 
made about sediment transport past this area. Wave propagation angles and vectors suggest 
sediment transport from Point Petre travels east under prevailing wind and wave conditions. 
The shoreline east of Point Petre generally consists of exposed bedrock but there are also 
accumulations of gravel and cobble sized sediment. Point Petre is a fixed littoral cell boundary 
with little sediment transport past the point given the orientation of wave propagation angles 
and vectors in the model simulations. 
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6.2.2 - Comparison of proposed littoral cells to prior work 
The boundaries proposed for the littoral cells along the shoreline of Prince Edward 
County generally agree with previous research in the region. Martini and Kwong (1985) 
suggested long distance longshore transport along the length of the western coastline of PEC 
and suggested it would instead occur on a local scale as smaller littoral cells along the coast. 
Martini and Kwong (1985) identified two types of sand sized sediment from two different ice 
lobes along the coast. One sediment type is generally located in the proposed littoral cells of 
the Presqu'ile - Weller's Bay region (Cells #1 - 3) while the second sediment type is found in 
the Wellington - Athol Bay area (Cells #4 - 5) (Figure 6.29). Martini and Kwong (1985) 
noted that there may be sediment bypassing occurring around High Bluff Island and toward 
Weller's Bay which the calculated wave base isobaths in this region support (Figure 5.21). The 
boundary between the two sand types identified by Martini and Kwong (1985) occurs around 
the Nicholson Island area which corresponds to the boundary between littoral cells three and 
four in this study. The northeast-southwest orientation of Nicholson and Scotch Bonnet Islands 
and the associated submarine extension of the Scotch Bonnet Ridge combined with the wave 
refraction around and over the irregular bathymetry of the ridge appear to reinforce the 
separation of the two types of sand to the east and west. 
There is also good agreement in the proposed delineation of littoral cells along the coast 
of PEC with those suggested by the Reinders Report (1988) (Figure 3.14). The Reinders Report 
and this study both placed cell boundaries at the southwest shore of High Bluff Island, 
Nicholson Island as well as Salmon Point. There are differences in the placement of boundary 
locations for the area separating cells 2 - 3 and 4 -5 in this study. Another major difference 
between the Reinders Report and this study is that the report identifies the area east of Salmon 
Point as a non-drift zone whereas it is considered a separate cell here. In the Presqu'ile area, 
the Reinders Report stated that in the shallow waters between High Bluff and Gull Islands to 
the southwest of the Presqu'ile Peninsula and the mainland there was no evidence for sand 
bypassing the area. The wave propagation angles and vector direction from this study suggest 
the possibility of sediment transport through the gap due to wave refraction around the islands 
and toward the gap. The 1988 report also did not identify a cell between Salmon Point and 
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Point Petre but rather identified it as part of the 'non-drift zone' because of the negligible 
availability of sediment in the area. A cell is identified at this location in this study because 
there are coarse grained sediment accumulations (e.g. - gravel and cobble) along the shorelines 
of Soup Harbour as well as an accumulation of sediment at the northeast end of the bay. This 
study also identifies Point Petre as the beginning of another cell that extends some distance to 
the east and out of the study area probably to a location around Charwell Point where there is a 
large accumulation of coarse grained sediment. 
Littoral cells are recognized in many regions of the globe and along the Lake Ontario 
shoreline as a strong foundation for coastal management. Although not currently utilized along 
the shoreline of the study area the use of the littoral cell could benefit coastal management for 
the major parties involved e.g. Municipality, Conservation Authority, Ontario Parks and 
National Wildlife Area. Because the great majority of the coast falls generally in one political 
region there is the potential that decision making may be less complicated than in areas with 
multiple jurisdictions. 
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6.3 - Potential Littoral Transport 
In the Reinders Report (1988) there are no potential littoral transport rates for the 
various reaches of coastline along the western shore of the county. An estimate is made for 
sediment entering Popham Bay from the west but there are no values beyond that and drift 
direction arrows are marked with 'NA'. The shoreline east of Salmon Point is identified as a 
non-drift zone because of the small amount of sediment available for transport in the region. 
The potential littoral transport values determined through the application of the CERC 
equation for the specific stretches of Lake Ontario along the PEC shoreline assume that there is 
sediment in the nearshore zone that is able to be moved. It is important to note that over long 
reaches (e.g. - km's) of the Prince Edward County coastline there is very little sand sized 
sediment as the coast is primarily exposed bedrock cliff and platform. Any sediment discharged 
from streams or eroded from the exposed bedrock is likely moved off and/or along the shelf by 
wave action. Along the north shores of Wellington Bay and Athol Bay as well as the south 
shore of the Presqu'ile peninsula there is little to no sediment between the shoreline and a depth 
of 5 m or perhaps 10 m at some locations which means that although sediment could be 
transported there is little to none to be moved (Figure 6.1). 
6.3.1 - Athol Bay 
In Athol Bay the potential littoral transport estimate appears to support the 
accumulation of sediment on the south side of the bay. The wave propagation angles suggest 
that more sediment is transported to the southern shore than to the north (Figure 5.119). As the 
littoral currents move down each side of Athol Bay they intersect the north and south trending 
currents along the barrier bar producing a pattern whereby the sediment may be moved in a 
lakeward direction, but given the bathymetric slope toward the southern shore, there is a 
preferential buildup in that region of the bay. The shallower slope of the bedrock on the 
northern shore of the bay may also lose sand sized sediment as it is moved toward the barrier 
system as there is very little accumulation evident along the shoreline. Annual potential 
movement is greater along the southern shore of the bay than the north and the greatest 
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potential littoral transport at a shore station on the barrier system occurs towards the southern 
end. The lowest potential movement occurs in the vicinity of station #14 on the barrier where 
the change in transport direction occurs. As more sediment is moved southwards from a 
position around Station #14, it encounters the current flowing down the south shore after which 
it is directed into the deeper side of the bay. 
6.3.2 - Wellington Bay 
Potential littoral transport at Station 12 along the north coast of Wellington Bay during 
the simulated wave direction events is approximately 39 000 m /year (Table 6.3). The west to 
east orientation of the northern shoreline combined with wave refraction around submarine 
highs to the southwest, acts to direct waves along the north shore towards the northwest corner 
of the bay and the town of Wellington. The predominance of exposed bedrock along the 
shoreline and the lack of sand sized sediment available for transport will influence the overall 
amount of sediment moved along the coast. Sediment in the littoral zone along the barrier 
system may move in different directions along the barrier (northwest or southeast) depending 
on the position along the barrier and the wave approach direction. Annual potential littoral 
transport peaks near Stations #25 and #33 under the simulated conditions with the greatest 
transport occurring under west-southwesterly waves (Table 5.18). Under southerly waves 
transport along the barrier is uniformly toward the north end of the barrier but as wave 
approach shifts to the west it changes the direction of littoral transport so that smaller 
circulation cells may develop along the barrier (Figure 5.121). 
Wave approach from the west-southwest to the west-northwest, potential littoral 
transport is to the southeast along the Wellington barrier bar. Field observations near Station 
#36 at the southeast end of the Wellington barrier system show a large sand bar growing 
toward West Point which suggests a southward directed littoral transport (Figure 6.29). 
Average wave direction at the offshore buoy (45012) in Lake Ontario southwest of Point Petre 
for the 48 hours prior to the photograph was from the west-southwest with an average wave 
height of 0.8 m and period of 3-4 seconds. Waves from the west-southwest are the most 
common conditions (-30%) at Station #36 and have the potential to transport approximately 
219 m3 /day in a southerly direction along the Wellington barrier system (Table 6.3). 
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Figure 6.29 - Nearshore sand bar formed at the southeast end of the Wellington barrier (Photos 
taken August 18, 2007 by author); in upper image transport would be from right to left and towards the 
reader in bottom image 
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Sediment transport to the south along the barrier as indicated by the development of the 
nearshore sand bar would suggest that the model simulations of wave propagation angles along 
the barrier may be representative of reality. 
The analysis of beach sediment is another commonly used geomorphic indicator of 
littoral transport along a shoreline, although beach grain size analysis can be difficult to 
interpret. Theoretically mean grain size should decrease in the direction of predominant littoral 
transport (Taggert and Swartz, 1988). In this research, the shorelines were not sampled at the 
appropriate scale in order to attempt to estimate directionality but it has been found that there is 
a defined southeastward alongshore fining trend immediately lakeward along the Wellington 
barrier bar (Martini and Kwong, 1985) which supported the fining trend along the barrier by 
Peat (1973). The southeastward fining trend would appear to support the changes in potential 
sediment transport direction suggesting that at least part of the proposed sub-cells along the 
Wellington barrier system are correct. Field observation in this study found coarse grained 
material (e.g. gravel) at the north end of the barrier system as well as sand sized sediment while 
the southeastern end was predominantly sand sized material that also supports southerly 
directed sediment transport for some period of time. However, there were also accumulations 
of coarse grained material along the length of the barrier which may be related to the position 
of changes in potential sediment transport direction. 
Another geoindicator used to suggest a trend in littoral drift patterns is the width of the 
beach such that zone of erosion will have narrow beaches and areas of accumulation will have 
wider beaches. The direction of alongshore littoral transport is generally taken to be in the 
direction of increasing beach width. Beach widening may also be accompanied by the 
development of backshore dune complexes in the dominant direction of alongshore littoral 
transport (Taggert and Swartz, 1988; Jacobsen and Swartz, 1981). Along the Wellington 
barrier system, beach width increases toward West Point at the southeast end of the barrier and 
the foredune is well developed (e.g. 5 m in height) toward this end of the barrier. The foredune 
at the northwest end of the barrier is virtually non-existent and the beach is thinner than the 
beach at the southeastern end of the barrier system (Figure 6.30). 
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Figure 6.30 a) - Photo showing (Top) Wellington barrier bar shoreline towards the northwest end 
of the bar with a thinner and steeper gravel sand beach with no foredune; b) Shoreline of barrier system 
near southeastern end with a wide beach of sand sized sediment and large foredune (Photo by author) 
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The width of the beach and foredune size also seems to support the premise that there is 
a strong littoral transport to the southeast end of the barrier for some period of time during the 
year. Beach slope has also been used to infer littoral transport direction and generally decreases 
in the direction of transport as it is related to sediment accumulation and a reduction in wave 
action. The profile of the beach should develop a gentler and wider with a developed foredune 
in the primary direction of littoral drift (Taggert and Swartz, 1988; Jacobsen and Swartz, 1981). 
Although no beach profiles were taken in this study, observationally a change in slope also 
occurs along the Wellington barrier bar in a southeasterly direction (Figure 6.30). 
Sediment transport along the Wellington barrier system is more complex than it would 
first appear as there are some indicators suggesting growth from the southeast to the northwest 
while other evidence may support the existence of multiple sediment cells along the barrier. 
6.3.3 - Weller's Bay 
Sediment transport in the region at the northern end of the Weller's Bay barrier system 
appears to be toward the entrance channel to Weller's Bay. The movement of sediment toward 
this entrance channel has necessitated the construction of the jetty on the south side of the 
channel. Between the two stations on either side of the channel, Stations #1 and #5 there is the 
potential to deliver over 90 000 m3/annually toward the entrance (Table 6.4). The greatest 
potential for sediment transport along the shoreline of this model grid is found at the 
southeastern end of the simulation grid near Station #16. The potential sediment transport in 
this region is over 120 000 m3/annually in a southerly direction. In the vicinity of this station 
however the shoreline and nearshore zone consist of exposed bedrock platform and cobble 
beach so that the there is little sand sized sediment for transport. The lowest sediment transport 
occurs on the northern island of the barrier system. In the northern lee of Bald Head Island at 
Station #8 under a southwest wave approach, there may only be approximately 24 m3/day or 
approximately 1100 mVannually in a northerly direction (Table 5.20). A similar estimate was 
also found at Station #5 located just north of Station #8 where potential sediment transport was 
only 24 m3/day and 274 m3/annually (Table 5.20). 
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6.3.4 -Presqu'ile Peninsula 
Potential transport of sediment into Popham along the north shore of Lake Ontario is 
greatest under westerly wave approach is be expected given the orientation of the shoreline and 
prevailing weather patterns. In the Reinders Report (1988) a volume in excess of50 000m3/yr 
was noted as moving within the cell between East Point in Scarborough and the Presqu'ile 
peninsula. The estimate of sediment transport from this 1988 report represents the only 
estimate within the current study area against which to measure the estimates generated in this 
present study. In this study, Station #9 on the north shore of Popham Bay, was estimated to 
have a potential sediment transport value of approximately 70 000 m /yr in an easterly 
direction for the five simulated wave approach directions (Table 6.5). 
Along the westerly oriented beach on the Presqu'ile peninsula the currents diverge from 
a location approximately mid-way along the beach. The currents continue north and south until 
they intersect the currents approaching from the west along the north shore of Lake Ontario or 
along the north side of High Bluff and Gull Islands. The interaction of the currents moving in 
different directions may lead to the offshore movement of sediment towards the centre of 
Popham Bay. Sediment within the bay may then be moved onshore to begin the cycle again. 
Sediment transport along the south end of the Presqu'ile beach is probably intercepted by the 
littoral current flowing east along the north side of the islands and either directed offshore into 
deeper water in the centre of the bay or perhaps pushed through the gap in the islands and onto 
the south side of the islands and peninsula where it can be transported to the east. 
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6.4 - Relevance of Research to the Region 
The information from this study on the wave climate and sediment transport along the 
western Shore of Prince Edward County is relevant to variety of stakeholders in the region 
including Ontario Parks and the Municipalities. Although more detailed research would be 
needed for specific projects or shoreline reaches, the broad overview of the area provided here 
is beneficial because of its breadth. 
The research is valuable to the managers of the two Ontario Provincial Parks along the 
coast, Sandbanks and Presqu'ile Provincial Parks both of which operate important recreational 
beaches. Overall the research highlights the variability of the littoral transport along the 
shoreline boundaries of the parks by indicating the directional change in sediment movement. 
The dynamic and shifting patterns of transport make it important that no action is taken that 
may interrupt the cycle of sediment movement. 
At the head of Athol Bay is the Outlet barrier bar, part of Sandbanks Provincial Park 
and sediment from which the barrier was formed and maintained is probably trapped by 
Salmon Point and re-circulated within the bay. The re-circulation of sediment within the bay 
would support prior research that noted the removal of sediment from the system could lead to 
erosion as the offshore slope readjusts. The readjustment may mean a loss of beach material 
within the park and for the small number of property owners at the north end of the beach so 
that efforts need to be made to keep the sediment in the system. 
Sandbanks Provincial Park also encompasses the Wellington barrier bar to the north of 
the Outlet barrier, both of which may be linked by offshore exchange of sediment during large 
wave events. The boundary between the two littoral cells that bridges the area of the barrier 
bars may become more permeable under large waves which may move sediment past the 
boundary at West Point and into Athol Bay. Along the coast the two littoral cells could also be 
sub-cells of a larger cell between Huycks Point and Salmon Point as there is limited exchange 
of sediment past either of these boundaries so that there is a limited amount of sediment for 
both barriers in the park system. Knowledge of where the largest waves may develop along 
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the beaches of the barrier bar may also be valuable for visitor safety as they can be warned to 
be extra cautious in those areas. If areas of large waves are known to develop in certain areas 
of the park, these areas may highlighted for people seeking certain types of recreation such as 
surfers, sail boarders or kite surfers all of whom seek out large waves. 
For the municipality the research provides a starting point for the possible development 
of a public harbour in Soup Harbour. With the existing land use and coastal geomorphology of 
the western shore of Prince Edward County, the potential number of sites for a public marina 
with access to Lake Ontario is probably limited but the south shore of Soup Harbour has been 
identified as a potential site for the development of a new marina. Although large waves can 
penetrate well into the harbour during major wave events the site along the south shore is 
generally quite stable with regard to wave height due to the bathymetry in the bay. During 
events when waves approach from the southwest to west, a zone of elevated wave heights can 
develop in the vicinity of the proposed site. Sailors and boaters would also have to be alert 
when entering or leaving the bay to the zones of increased wave heights near Salmon Point and 
Point Petre. The lack of sediment in Soup Harbour may mean that there would be a reduced 
need for dredging operations to maintain the entrance to the marina. 
6.5 - Summary 
Through a comparison of results from the various wave simulation grids, a more refined 
picture of the nearshore wave climate along PEC has been developed. Estimates have been 
made for littoral transport under the assumption that sediment is available to be moved but field 
work will be required to test the values proposed here. The data obtained from the methodology 
of this research has provided good information which satisfies the objectives of the study. 
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Chapter 7 - Summary 
This chapter provides a summary of the research project and then looks at some of the 
limitations encountered during the undertaking of the study. The chapter also contains a short 
discussion of possible future avenues for research based upon the work presented in earlier 
chapters. 
7.1 - Summary 
The primary purpose of this research project was to explore and assess the wave climate 
along the western shore of Prince Edward County on the northeast shore of Lake Ontario. The 
distribution of wave energy along the shoreline and wave approach direction are major 
contributing factors to littoral transport conditions along the coast which is important to a 
thorough understanding of coastal evolution and management. 
The approximately 90 km of shoreline in the study area were first classified as one of 
four main shore types - sandy beach, coarse beach, exposed limestone bedrock or mixed 
shoreline based on analysis of aerial imagery and fieldwork. Exposed limestone bedrock is the 
most prevalent shoreline type followed closely by sandy and coarse beaches on the barrier 
systems. 
Locations were selected along the various shoreline types in order to determine an 
exposure rating using fetch measurements. The shoreline of Prince Edward County is oriented 
in a northwest - southeast direction so it faces a maximum fetch of approximately 200 km to 
the southwest. Given the fetch distances, the regions position across the major direction of 
storm movement, and relatively unobstructed wave approaches to the coast, the majority of the 
study area was classified as exposed. The exposed reaches of the coasts included both sandy 
and coarse beaches as well as exposed limestone shores. 
Given the fetch to the west and southwest of this coastline, the dominant direction of 
wave approach in the most recent hindeast data for Lake Ontario was from those approaches 
and this was corroborated by measurement of wave direction from the nearest offshore buoy. 
The wave direction data were then used to develop a standard set of 40 wave conditions using 
five directions between south and west-northwest which was used as the primary input data for 
the STWAVE model to generate simulations from which the spatial variation in the wave 
climate along the coast could be assessed. 
The results of the simulations were predictable in some situations, generating high 
waves around the limestone headlands and offshore rises in bathymetry. The indented nature 
of the coastline also produced characteristic zones of decreased wave heights that varied with 
wave approach. 
When combined with a limited set of field evidence and previous research the model 
simulation results suggest that the coast is characterized by a set of seven littoral cells within 
which sediment circulates (Figure 6.29). Between the Presqu'ile peninsula and Nicholson 
Island there are three regional circulation cells as illustrated in Figure 6.29 with two sub-cell 
boundaries delineated by diverging wave approach angles along the shore in the two northern 
regional cells delineated as cells 1 and 2. Cell 3 is the remaining regional cell and it has not 
been subdivided by this research but generally indicates northerly directed transport. There are 
two cells in Wellington and Athol bays with a smaller circulation divisions located near the 
head of each bay. Research by Martini and Kwong (1985) indicated the areas covered by Cells 
1 - 3 and Cells 4 - 5 are each distinguished by different sediment characteristics. The wave 
model results on the Nicholson Island simulation grid suggest a limited potential for movement 
from west to east through the gap with the mainland or around the offshore boundary of the 
island. The result is that there is probably little movement of sediment between the sediment in 
Cells 1 -3 with that in Cells 4 -5. Littoral cell six is located within Soup Harbour where a 
minimal amount of sediment exists so that there is very little to transport. Cell 7 begins on the 
southwest shoreline of Point Petre from which sediment is transported further to the east, out of 
the study area. 
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Given the exposed nature of the coastline there is the potential for significant sediment 
transport along section of the study coast. The results of the wave simulations were used as the 
basis for estimates of potential littoral transport along the sandy reaches within the littoral cells 
using the widely applied CERC equation developed by the U.S. Army Corps of Engineers. The 
variation in wave climate along the shore results in a lateral variation of potential littoral 
transport at the four chosen locations with sand sized sediment along the coast. The estimates 
of littoral transport indicate that during fair-weather conditions the range of littoral transport 
potential is from neglible transport up to approximately 1000 m /day while during storm 
conditions the potential amount of transport grows to between 500 - 26 000 m3/day. 
The direction of littoral transport within the seven littoral cells is not constant as there 
are periodic reversals in direction as the wave approach orientation shifts between south and 
west-northwest. The amount of sediment transport along sections of this coast is undoubtedly 
less than the value predicted in this research given the uncertainties of the equation used to 
make the estimate and the fact that along long reaches of coastline there is no sediment to be 
transported. So although the potential exists along the exposed limestone coasts of the County 
for the transport of sediment there is little to no sediment in the system to be moved. The 
actual amount of sediment moved along the sandy coasts needs to be validated by field 
measurements along the barrier bars to verify the modeling results. The western shore of Prince 
Edward County therefore appears to be characterized by littoral transport over relatively short 
distances alongshore forming small compartmental circulation. Examples of geoindicators 
observed along the coast and in remotely sensed imagery offer evidence to support the modeled 
results and the initial conclusions of littoral drift directions over a longer period of time. 
The assessment of wave climate and littoral transport developed in this project for the 
nearshore coastal zone will provide important data (e.g. wave heights) for management plans 
potentially developed in the future and a better understanding of the past and future evolution 
of this section of the Lake Ontario coastline. 
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7.2 - Contribution to the literature 
The research developed in this study has contributed to the literature in a number of 
ways. The project represents one of three known modeling projects (Baird, 1985; Philpot, 
1987; HCCL, 2005) along the western shore of Prince Edward County and it is the largest 
modeling project with regard to spatial extent along the coast. Before this study longshore 
sediment transport had yet to be examined in detail in the region but from this wave climate 
modeling investigation the first estimates of potential sediment transport have been generated 
but still need to be corroborated with field evidence. With the verification of the littoral 
transport estimates, new information can be included in future shoreline management 
decisions. This assessment of littoral transport in this study has verified that sub-cells form 
along stretches of the coastline as the direction of transport varies with the wind and wave 
direction in the region. The use of the modeling results has also allowed a delineation of littoral 
cells along the coast of the County which generally support the conclusions of the Reinder's 
Report (1988). 
7.3 - Recommendations to management 
The Lake Ontario coast, like many coasts has been under pressure from a variety of 
sources, natural and anthropogenic. In order to effectively manage that pressure and the natural 
system managers are under increasing pressure to make informed decisions knowledge and 
insight is needed about all aspects of the shoreline, particularly littoral transport under varying 
conditions. 
The primary recommendation for coastal managers along the western shore of Prince 
Edward County is that the regional shoreline processes need to be considered and integrated 
into management decisions. Any potential future development or shoreline protection needs to 
consider the long term impact of disrupting the natural sediment transport processes within 
littoral cells. The alongshore variation in littoral transport has the potential to impact human 
activity as well as visa versa, through the change of conditions at the shoreline. Humans are 
drawn to sandy coasts for a variety of reasons including recreation but we also often expect the 
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coast to remain static because it may negatively impact us. People do not like changes in water 
lines or property lines, both of which change as the coastline changes. Education is the key to 
changing attitudes about the coast so that people are better informed about the natural coastal 
processes. With increased education, the public will understand the dynamic nature of the 
shoreline and hopefully be more inclined to work with natural coastal processes to avoid 
misunderstanding management decisions intended to safeguard lives and property. The 
importance of incorporating coastal processes into management practices now is very 
important as anthropogenic (e.g. population increase) and natural (e.g. climate change - water 
levels) factors will both probably have an impact in the future of the coast. Anthropogenic 
factors may lead to an increase in shoreline protection and development which could disrupt 
sediment transport while decreased water levels would shift the focus of wave energy on the 
shoreline. If there is an increase in storm frequency and strength, larger waves would be more 
common and increase the amount of sediment transport in the nearshore zone. The 
incorporation of coastal processes information into management planning may include 
removable docks instead of permanent structures or incentives to utilize soft engineering 
shoreline protection practices. 
The littoral cells along the coast of the County will undoubtedly be impacted to some 
degree by factors such urban expansion, tourism, and recreational development but the goal 
will be to minimize those impacts through informed decision making. Human development of 
the Lake Ontario shoreline (e.g. groynes, seawalls, breakwaters) does impact on sediment 
transport in the nearshore zone so it is vital to minimize or mitigate that impact. A large 
portion of the shoreline in the County is limestone bedrock which for the most part experiences 
slow erosion rates so the primary efforts of monitoring and management will undoubtedly be 
centred on the sandy shores of the barrier bars. 
The littoral cells along the coast appear to be generally closed systems with little new 
inputs of sediment from shoreline bedrock, rivers or long distance transport of sediment with 
the exception of the cells in Popham Bay and Weller's Bay. Given the nature of the littoral 
systems, what sediment presently exists within the system and what is being generated locally 
needs to be protected. Efforts need to be made to limit any removal sediment which would 
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affect the dynamic equilibrium of the coastal zone. The disruption of the littoral sediment 
system would be a problem, particularly on the sandy shores because the dynamic nature of the 
coast would mean adjustment in beach width or slope which is the type of shoreline change 
people do not like to experience. 
Many of the barrier systems along the coast are protected as either a Provincial Park or 
National Wildlife Area but there are several barriers that are not protected. It would be a very 
beneficial development if the three unprotected sand and gravel barrier systems along Hyuck's 
Bay and Pleasant Bay could be protected in some form, potentially as a provincial nature 
reserve or park of an existing Provincial Park as this would help to protect a valuable sink 
within the littoral system. Efforts need to be made to ensure that the dynamic nature of the 
barrier systems is not compromised in the future as it is this dynamism that will allow the 
system to respond as change comes in the future (e.g. wind, waves, water levels). 
It is recommended that local management authorities support research and data 
collection that will allow the improvement and verification of model results as well as the 
investigation of potential future scenarios (e.g. water levels) for the coast. Partnerships with 
universities and private consultants/companies may allow new ideas, technology (e.g. LIDAR) 
and modeling programs (e.g. local scale model) to be utilized in the region to the benefit of 
both parties. A monitoring program of indicator environments along the coast could be 
undertaken to explore long term coastline change with the help of universities or volunteers. 
Although the management of the sandy shores is important and should be monitored, given the 
exposure of limestone bedrock at the shoreline, these should also be monitored at 
representative sites. Locations monitored during the Great Lakes Erosion Monitoring program 
could be revisited and their erosion estimates updated. New locations at Robinson Point or 
Point Petre could also be studied and monitored to increase and refine estimates of bedrock 
erosion in the region. These headland locations could be supplemented with additional sites on 
the southeast shore of Athol Bay and the Presqu'ile peninsula. Although slow, the erosion 
rates would be a valuable data for shoreline development along many reaches of the County 
perhaps with regard to site development, hazard assessment or insurance applications. 
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The output of the model simulations may also be used to identify potential hazard areas 
along the coast or in the nearshore zone. Areas of the coast that are susceptible to high waves 
could be identified in management planning and the development of land handled appropriately 
through site specific planning so as to limit human exposure to the hazard. Not only can the 
simulations be used to identify hazard areas but through the determination of littoral transport 
directions they may be valuable in examining potential nutrient or pollution pathways. 
Modeling of coastal processes can also be used to assist in the location of shore protection and 
development. 
It is strongly encouraged that any current and proposed development must acknowledge 
the importance of natural coastal processes along the coast of Prince Edward County. There 
must be an understanding of the importance of maintaining the littoral transport system, 
vegetation cover and the dynamic nature of the barrier systems so as to maintain the overall 
ecological integrity of the entire system. Going forward, a holistic management approach 
based on an understanding of the importance of coastal processes would be the wisest course of 
action for regional management. 
7.4 - Research Limitations 
With all research projects undertaken there are a variety of limitations encountered and 
this project was no exception. The most important limitation was probably related to working 
with only part of the full model package. The application of the entire model package with the 
appropriate modules activated probably would have benefited the project in terms of its ability 
to link and display the output. A second limitation was the lack of a training course in the 
operation of the model which would have not only saved time (e.g. model set up) and eased 
frustration but would have led to a fuller understanding of the capabilities of the model as well 
as a better interpretation of the simulation results. These two limitations were not a detriment 
to the project but would have definitely made the project much more fluid and less stressful. 
The limitation on solving these issues was primarily one of cost as the cost of the full model is 
prohibitive for an individual user when generally it is a company or department that is 
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purchasing or using the software. Training in the operation and design of the model was also 
limited as a single user as courses are generally offered for large groups and are also expensive. 
Within the model, the offshore boundary conditions remained uniform across the entire 
edge of the model grid which may have been several kilometers to tens of kilometers in length 
and as such may omit important local variations. This situation is not considered an issue for 
the smaller regional grids which were generally less than 10 km across at the y-axis but on the 
simulation grid for the entire coastline.(+ 50 km) there may have been important changes in 
wave height and propagation angle. In order to remedy this situation the model would have to 
be linked with a larger model so that wave output from the lake wide model could be input into 
the nearshore model. 
There were also the limitations inherent in using the longshore sediment transport 
equation (CERC) as there are numerous sources of error which must be accounted for in the 
determination of a value. A smaller site would need to be established on a short length of 
beach (-100 m) on a single barrier system which could then be surveyed and monitored over an 
extended period of time in order to develop a longer record of information on grain size, winds, 
wave, nearshore slope, etc which would help to refine estimates of longshore transport. 
The modeling exercise was designed from the outset to focus on the entire western 
coast of Prince Edward County and examine wave climate and littoral transport. In retrospect a 
smaller section of coast might have been a more prudent choice which would have allowed a 
greater focus on a region and time to explore a greater number of questions about a particular 
reach of shoreline. The perspective chosen provided a generally reasonable estimate of 
conditions along the coast but more detailed site specific studies will be needed to understand 
change along shorter stretches of the shoreline. 
The lack of field verification for the modeled simulation results is also another issue 
that will need to be considered. Output simulations from wave models such as STWAVE are 
generally verified using nearshore buoy data or other measurements positioned at strategic 
locations along the coast and within the nearshore zone. Although investigated, there was no 
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means available for onsite validation of the wave model simulation results due to the cost of 
renting or acquiring such a system. There are also no other field studies available for 
supporting or refuting the estimates of littoral transport along the coast. Additional field work 
would also be able to increase the amount of sediment sampling undertaken in the nearshore 
and offshore. A large sediment sampling program was not the priority for this research project 
but additional samples along the coast would allow further refining of the K value used in the 
sediment transport calculations. The cost associated with the rental of a boat large enough to 
sample from and be safe on Lake Ontario was large but if the K value can be refined for the 
coast in general or for specific reaches of coast (e.g. along a specific barrier system) than there 
would be value in such an undertaking. 
One of the primary data sources for this study was digital bathymetry for the region 
which although it represents the best available data, also represents smoothed data collected 
from a number of sources over approximately 60 years. More importantly, the nearshore 
bathymetry utilized was very coarse and did not capture variation in the nearshore environment 
such as sand bars and small bedrock outcrops. At the scale of this research project the 
bathymetry is acceptable for the generation of broad scale patterns but for additional research 
on shorter reaches of coastline more detailed bathymetry will need to be collected. The 
collection of new bathymetric data along this stretch of shoreline has been identified as a 
priority by the Lake Ontario St. Lawrence River Study (LOSLS-Annex 2, 2006) and the 
acquisition of this new data will improve modeling efforts in the region. 
Despite the limitations encountered over the course of this project the modeling 
exercise has proved to be a valuable and thought provoking experience and provided a very 
reasonable assessment of field conditions with the available data. 
7.5 - Proposed Future work 
The research undertaken in this project has the potential to lead into a number of other 
possible avenues of investigation along the coast of Prince Edward County particularly with 
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regard to modeling wave climate with STWAVE and several suggestions for future studies are 
provided. 
STWAVE could also be utilized for a more detailed examination of a shorter reach of 
coastline such as around the proposed marina in Soup Harbour, the shoreline adjacent to the 
entrance channel to Weller's Bay or within the boundaries of one of the Provincial Parks. The 
additional wave studies would represent important information for decision makers and 
managers involved in development of a marina in Soup Harbour or at another location along 
the coast. Wave climate and littoral transport information would also be beneficial to those 
tasked within maintaining the navigability of the channel into Weller's Bay while information 
on wave climate could be important for visitor safety in the Provincial Parks. 
Another interesting possibility would be to use the model to examine the closure of the 
channel in the northern island of the Weller's bay barrier bar. New bathymetric information of 
the region would likely be needed as would a series of the most recent satellite images which 
would help narrow the time period of closure. By narrowing the window for the change in the 
barrier, weather records could be searched to determine if this was a gradual change or was 
there a significant storm or series of storms that closed the channel over a shorter period of 
time. An examination of this phenomena would be helpful in understanding barrier dynamics 
on the Great Lakes and useful for the monitoring and management of other barrier bar systems. 
The model could also be configured to explore how an increase or decrease in lake level 
might affect wave heights along the coast. Although lake level regulation and management is a 
certainty on Lake Ontario due to the economic value and demand on the system changes in 
climate will undoubtedly influence water levels in the future. A change in the modeled water 
level would allow an estimate of the potential change in the wave climate along the coast which 
could help with the understanding of changes in sediment supply under a changed climate. 
Another possible study could involve examining wave conditions in the nearshore 
during the winter. Given that ice tends to accumulate in the eastern end of the basin and along 
the western shore of Prince Edward County in the numerous bays ice conditions could be 
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incorporated into the model by arbitrarily changing isobaths and shoreline positions to 
represent a hypothetical grounded nearshore ice complex. The wave conditions against the 
hypothetical accumulation of ice could then be compared to un-modified isobaths and shoreline 
which could be taken to represent general conditions during the ice free season with the 
possibility of generating an estimate for sediment transport along the ice complex and how the 
ice contributes to a change in transport paths. 
The STWAVE model could also be coupled with other modeling modules such as a 
circulation model for an in-depth, site specific study of the nearshore environment along 
specific reaches of the shoreline. The circulation model would allow for a better understanding 
of possible water and sediment movement along the shoreline which would benefit numerous 
stakeholders on the coast including the municipality and Ontario Parks. With more detailed 
bathymetry for a particular stretch of coast e.g. Outlet Beach, smaller circulation cells may be 
identified within the large scale features proposed in this research. 
Other possible routes for investigation include examining possible relationships 
between wave climate and biological zones of activity such as are zebra mussels affected by 
changes in wave climate? Another interesting study could involve modeling estimated wave 
conditions on Lake Ontario during Hurricane Hazel to investigate the extreme wave climate 
generated along the coast. 
The utilization of geomorphic indicators could be expanded so that a more in-depth 
analysis is undertaken for specific regions of the coast, principally the sandy barrier bars to 
examine any change in their position over time. An important part of this work would be the 
geo-referencing of air photos and satellite imagery in a GIS database which would make it 
readily available for regional management activities. 
The littoral transport directions developed through the wave modeling exercise could be 
expanded to help explain the development of the barrier bars along the Prince Edward County 
coastline. An estimate would have to be made of the amount of sediment within a barrier, lake 
levels at various points in time, as well as sediment available for transport but with reasonable 
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approximations a generalized development scenario may be possible. As an aside from the 
modeling aspect, the examination of the northeast shoreline of Soup Harbour to determine if 
there was a barrier bar and lagoon complex in existence at some point in the past would be an 
interesting avenue for investigation (Figure 7.1). 
Figure 7.1 - Air photo showing site of possible investigation to barrier bar existence (Bing Maps, 2010) 
References 
Abadie, S., Butel, R., Mauriet, S., Morichon, D., and Dupuis, H. 2006 Wave climate and 
longshore drift on the South Aquitaine coast, Continental Shelf Research 26: 1924 - 1939 
Abul-Azm, A.G., Abdel-Gelil, I. and Trumble, I. 2003 Integrated Coastal Zone Management in 
Egypt: The Fuka-Matrouh Project, Journal of Coastal Conservation, 9: 5-12 
Ackerman, S.A. and Knox, J. A. 2007 Meteorology: Understanding the Atmosphere, 2nd ed., 
Thomson - Brooks/Cole, Scarborough, Canada, 512p. 
Agriculture and Agri-food Canada (AAFC) 1998 Agriculture and Agri-food Canada - Manure, 
Fertilizer and Pesticide Management in Canada: Results of the 1995 Farm inputs Management 
Survey, Economic and Policy Analysis Directorate Policy Branch, 68p. Available online at: 
http://www4.agr.gc.ca/resources/prod/doc/pol/pub/manfertpes/pdf/manfertpes_e.pdf. Last 
accessed: January 28, 2009 
Aguado, E. and Burt, J.E. 2007 Understanding Weather and Climate 4th ed., Pearson-Prentice 
Hall, Pearson Education Canada Ltd, Toronto, 562p. 
Ainley, 2006 Schedule D - Tourism and Recreation, County of Prince Edward Official Plan, 
Office Consolidation - November 2006 Original Plan Prepared by: Ainley and Associates 
Limited Consulting Engineers and Planners and The County of Prince Edward Planning and 
Development Committee and Planning Department, 198p. 
Alestalo, J. and Haikio, 1. 1976 Ice features and Ice Thrust shore forms at Luodonselka, Gulf of 
Boothia in winter 1972/73, Fennia, 5-24 
Allard, R.A., Hsu, L., Smith, J.M., Earle, M., Mettlach, T. and Miles, K. 1998 Use of Coupled 
Numerical Wave models to simulate the littoral environment from deep water to the beach, 
Proceedings 5th International Workshop on Wave Hindcasting and Forecasting, January 26 - 30, 
1998, Melbourne Florida, USA, 15p. 
Allard, R.A., Blain, C.A., Smedstad, L.F., Keen, T., Wallcraft, A.J., Barron, C.N., Dykes, J.D., 
Edwards, C.R. and Estrade, B.D. 2003 High Fidelity simulation of littoral environments: 
applications and coupling of participating models, Department of Defense Proceedings User 
Group Conference (DoD_UGC03), June 9 - 13, 2003, p. 306 - 313 
Allen, J.R. 1974 Empirical Models of Longshore Currents, Geografiska Annaler. Series A -
Physical Geography, 56(3/4): 237 - 240 
Allen, J.R. 1985 Field Measurement of Longshore Sediment Transport: Sandy Hooky New 
Jersey, USA, Journal of Coastal Research, 1(3): 231 - 240 
Allen, J.R. 1988 Nearshore Sediment Transport, Geographical Review 78(2): 148 - 157 
Allen, R.T. 1970 The Great Lakes - The Illustrated History of Canada, Natural Science of Canada 
ltd., 1970 160p. 
Amin, S.M.N. 1982 A littoral drift model and sediment budget for the shore of south western 
Lake Ontario and Implications for shorline protection, Unpublished MSc thesis, University of 
Guelph, Department of Geography 
Anderson, T.W. and Lewis, C.F.M. 1985 Postglacial Water Level History of the Lake Ontario 
Basin, 231 - 253, in Karrow, P.F. and Calkin, P.E. (eds) Quaternary Evolution of the Great Lakes, 
Geological Association of Canada, Special Paper 30, 258p. 
Anin, P. 2006 The Great Lakes Water Wars, Washington, D.C., Island Press, 303p. 
Anonymous 1936 Archives and Collections Society - Early shipping in Prince Edward County 
Website: http://www.aandc.org/research/early shipping.html. Last accessed: January 27, 2009 
Annable, W.K. 1990 The Effect of Jetty Placement on Beach Morphology and Sediment 
Distribution at Sandbanks Provincial Park and Wellington, Ontario, Honours Thesis Department 
of Geography, University of Waterloo, 74p. 
Armstrong, D. K. and Dodge, J.E.P. 2007 Miscellaneous Release - Data 219 - Paleozoic 
Geology of Southern Ontario, Project Summary and Technical Document, Sedimentary 
Geoscience Section, Ontario Geological Survey, 30p. 
Ashley, G.M., Halsey, S.D. and Buteux, C.B. 1986 New Jersey's Longshore Current Pattern, 
Journal of Coastal Research, 2(4): 453 - 463 
Ashworth, W. 1987 The late, Great Lakes: an environmental history, Detroit, Michigan: Wayne 
State University Press, 274p. 
Ashworth, W. 2003 Great Lakes Journey: A New Look at America's Freshwater Coast, Detroit, 
Michigan: Wayne State University Press, 288p. 
Assel, R., Cronk, K. and Norton, D. 2003 Recent Trends in Laurentian Great Lakes Ice Cover, 
Climate Change, 57: 185 - 204 
Ausable Bayfield Conservation Authority (ABCA) 2000 Ausable Bayfield Conservation 
Authority Shoreline Management Plan, Ausable Bayfield Conservation Authority, 105p. 
Australian Government (AUS) 2007 - Australian Government - Department of the Environment 
and Water Resources, Integrated Coastal Zone Management -Website: 
http://www.environment.gov.au/coasts/iczm/index.html. Last Accessed: June 15, 2009 
Avery, R. 2008 Relaxed pace draws tourists and retirees to 'the county', National Post, Saturday 
June 7, 2008 
Baardseth, E. 1970 A square scanning, two stage sampling method for estimating seaweed 
quantities, Republic of Norway Institute Seaweed Research, 33: 1-41 
Bagnold, R.A. 1963 Mechanics of Marine Sedimentation, p.507 - 528 in Hill, M.N (ed) The Sea: 
Ideas and Observations on progress in the study of the seas, Volume 3, Interscience Publishers 
(John Wiley and Sons): New York, 963p. 
337 
Bailard, J. A. 1981 An energetics model for a plane sloping beach, Journal of Geophysical 
Research, 86(cll): 10938 - 10954 
Bailard, J. A. 1984 A simplified model for longshore sediment transport, p. 1454 - 1470 in 
Proceedings of the 19th International Conference on Coastal Engineering, Houston, Texas, 
American Society of Civil Engineers 
Baird, W.F. and Associates Coastal Engineers Ltd. 1985 Coastal Engineering Investigation of the 
Navigation Channel at Wellington Ontario, Final Report, Fisheries and Oceans Canada, Small 
Craft Harbours, Burlington Ontario, 22p. 
Baird and Associates Coastal Engineers 2003 Lake Ontario WAV AD Hindcast 
Study Jnternational Joint Commission and United States Army Corps of Engineers, Ottawa, 63p. 
Baker, P. (ed) 1993 Environmental Sensitivity Atlas for Lake Ontario's Canadian Shoreline, 
Emergencies & Enforcement Division, Environmental Protection Branch, Environment Canada, 
70p. 
Balouin, Y. and Howa, H. 2002 Sediment transport pattern at Barra Nova Inlet, South Portugal: a 
conceptual model, Geo Marine Letters, 21: 226 - 235 
Balouin, Y., Howa, H., Pedreros, R. and Michel, D. 2005 Longshore sediment movement from 
tracers and models, Praia de Faro, South Portugal, Journal of Coastal Research, 21(1): 146 - 156 
Barnes, P.W., Kempema, E.W., Reimnitz, E., McCormick, M., Weber, W.S. and Hayden, E.C. 
1993 Beach Profile Modification and sediment transport by ice: an overlooked process on Lake 
Michigan, 9(1): 65 - 86 
Barnes, P.W., Kempema, E.W., Reimnitz, E. and McCormick, M. 1994 The Influence of Ice on 
Southern Lake Michigan Coastal Erosion, Journal of Great Lakes Research, 20(1): 179 - 195 
Barnett, P.J. 1992 Quaternary Geology of Ontario (Chapter 21) in Thurston, P.C., Williams, H.R., 
Sutcliffe, R.H. and Stott, G.M. (eds) Geology of Ontario, Ontario Geological Survey, Special 
Volume 4, Part 2, Ministry of Northern Development and Mines: Queen's Printer for Ontario 
Barnes, 2002 J.D. Barnes First Base Solutions 2002 Orthophotos Prince Edward County -
Presqu'ile Region, 20cm resolution 
Barton, D.R. and Hynes, H.B.N 1978a Wave-Zone Macrobenthos of the Exposed Canadian 
Shores of the St. Lawrence Great Lakes 
Journal of Great Lakes Research, 4(1): 27-45 
Barton D.R. and Hynes, H.B.N. 1978b Seasonal variations in densities of macrobenthic 
populations in wave zone of north central Lake Erie, Journal of Great Lakes Research, 4(l):50-56 
Barua, D.K. 2005 Wave Hindcasting, p. 1060 - 1063 in Schwartz, M.L. (ed.) Encyclopedia of 
Coastal Science, Springer, Dordrecht, The Netherlands, 121 lp. 
Battalio, B., Chandrasekera, C , Divoky, D., Hatheway, D., Hull, T., O'Reilly, B., Seymour, D. 
and Srinivas, R. 2005 Wave Transformation - FEMA Coastal Flood Hazard Analysis and 
Mapping Guidelines - Focused Study Report, 88p. 
338 
Bayram, A., Larson, M. and Hanson, H. 2007 A new formula for the total longshore sediment 
transport rate, Coastal Engineering 54: 700 - 710 
Beaudoin, A. 2003 A comparison of two methods for estimating the organic content of sediments, 
Journal of Paleolimnology, 29: 387 - 390 
Belden 1878 Hastings and Prince Edward Counties (Ontario Map Ref #28 and #29), Illustrated 
historical atlas of the counties of Hastings and Prince Edward, Ontario, Toronto: H. Belden & 
Co., 1878. McGill University, Rare Books Division, Website: 
http://digital.librarv.mcgill.ca/CountyAtlas/princeedward.htm. Last Accessed: January 16, 2010 
Belanger, A.D. 1976 An investigation of Sandbanks beach through statistical analysis of grain 
size parameters, Sandbanks Provincial Park, Ontario, Unpublished BSc thesis, Queen's 
University, 53p. 
Beletsky, D., Saylor, J.H. and Schwab, D.J. 1999 Mean Circulation in the Great Lakes, Journal of 
Great Lakes Research, 25(1): 78 - 93 
Bell, G.S. 1979 Seasonal Variation of Beach Sand at North Beach Provincial Park, Unpublished 
Honours Geography Thesis, Department of Geography, University of Waterloo, 51p. 
Bender, C. and Smith, J.M 2007 Methodology and Results for Nearshore Wave Simulation in a 
Coupled Hydrodynamic and Wave Model System to Evaluate Storm Surge in Coastal Louisiana, 
Proceedings 10( International Workshop on Wave Hindcasting and Forecasting, November 1 1 -
16, 2007, North Shore Oahu, Hawaii, USA, 13p. Website: http ://www. wave workshop. org/. Last 
Accessed: June 25, 2009 
Bender, C, Cialone, M., Grzegorzewski, A., Smith, J.M., Atkinson, J. 2008 Numerical 
Simulation of the effect of Louisiana coastal marshes on nearshore waves and surge, (Abstract), 
31st International Conference on Coastal Engineering (ICCE), Website: 
http://icce2008.hamburg.baw.de/. Last Accessed: September 30, 2009 
Bennett, J.R. and Lindstrom, E.J. 1977 A Simple model of Lake Ontario's Coastal Boundary 
Layer, Journal of Physical Oceanography, 7: 620 - 625 
Berek, E.P., Cardone, V.J. and Swail, V.R. 2000 Comparison of Hindcast Results and Extreme 
Value Estimates for Wave Conditions in the Hiberaia Area - Grand Banks of Newfoundland, 6th 
International Workshop on Wave Hindcasting and Forecasting November 6-10, 2000, Monterey, 
California, 1 lp. 
Bernhardt, T. 2009 McGill University: The Redpath Museum - Exhibits and Resources - Online 
exhibits - The Canadian Biodiversity Website - Canada's Ecozones, Website: 
http://canadianbiodiversitv.mcgill.ca/english/ecozones/mixedwoodplains/mixedwoodplains.htm 
Last Accessed: January 27, 2009 
Bing Maps 2009 Microsoft Corporation, NAVTEQ and Harris Corp, Earthstar Geographies LLC, 
and USGS, Prince Edward County Region, Website: http://www.bing.com/maps/. Last accessed: 
March 14,2010 
Bird, E.C.F. 1961 The Coastal Barriers of East Gippsland, Australia, The Geographical Journal, 
127(4): 460 - 468 
Bird, E.C.F. 2005 Barrier, 119 - 120 in Schwartz, M. (ed.) Encyclopedia of Coastal Science, 
Springer - New York, 121 lp 
Bird, E.C.F. 2008 Coastal Geomorphology: An Introduction 2nd ed., Wiley: Toronto, 436p. 
Bird, E.C.F. and Swartz, M. L. (eds.) 1985 The Worlds Coastline, VanNostrand Reinhold 
Company, New York, 1071p. 
Bird, J. B. 1980 The Natural Landscapes of Canada: A Study in Regional Earth Science 2nd ed. 
Toronto, John Wiley and Sons Canada, Ltd, 260p. 
Bittencourt, A.C. P., Dominguez, J.M.L., Martin, L. and Silva, I.R. 2005 Longshore transport on 
the northeastern Brazilian coast and implications to the location of large scale accumulative and 
erosive zones: An overview, Marine Geology 219: 219-234 
Blaney, S. 2010 Friends of Sandbanks Provincial Park - Nature and History - Geology and 
Formation of Presqu'ile, Website: 
http://friendsofpresquile.on.ca/geologyandformationofpresquilec77.php. Last accessed: May 21, 
2010 
Blocksma, M. 1995 The fourth coast: exploring the Great Lakes coastline from the St. Lawrence, 
Ann Arbor: University of Michigan: Penguin Book, 337p. 
Blomgren, S., Larson, M. and Hanson, H. 2001 Numerical Modeling of the Wave Climate in the 
Southern Baltic Sea, Journal of Coastal Research 17(2) 342 - 352 
Blott, S.J. and Pye, K. 2004 Morphological and Sedimentological Changes on an Artificially 
Nourished Beach, Lincolnshire, UK, Journal of Coastal Research, 20(1): 214 - 233 
Blott, S.J. and Pye, K. 2001 Technical communication: GRADISTAT - A grain size distribution 
and statistics package for the analysis of unconsolidated sediments, Earth Surface Processes and 
Landforms, 26, 1237-1248 
Boateng, I. 2006 Shoreline Management Planning: Can it benefit Ghana? A Case Study of UK 
SMPs and their potential relevance in Ghana, Promoting Land Administration and Good 
Governance, 5th International Federation of Surveyors (FIG) Regional Conference, Accra, Ghana, 
March 8 - 1 1 , 2006 
Bodge, K.R. 1989 A Literature Review of the Distribution of Longshore Sediment Transport 
Across the Surf Zone, Journal of Coastal Research 5(2): 307 - 328 
Bogart, T.W. 1928 An ecological study of the sand dunes of Prince Edward County, Ontario, 
Unpublished MA thesis, University of Chicago, 32p. 
Booth, J.S. 1994 Wave Climate and Nearshore Lakebed Response, Illinois Beach State Park, 
Lake Michigan, Journal of Great Lakes Research, 20(1): 163-178 
Bosma, K.F. and Caufield, B.A. 2004 Integration of Multiple Wave models from Generation 
Scale to Nearshore scale: A practical application in Maine, USA, 8th International Workshop on 
Wave Hindcasting and Forecasting, Oahu, Hawaii, November 14 - 19, 2004, 15p. Website: 
http://www.waveworkshop.org/. Last Accessed: September 30, 2009 
Bowen, A.J. and Inman, D.L. 1966 Budget of Littoral sands in the vicinity of Point Arguello, 
California, Technical Memo of the Coastal Engineering Research Center (CERC), USA. No. 19, 
41p. 
Bowlby, J.R., Mohaier, AA. and McMillan, RK. 1988 Neotectonic observations in the western 
Lake Ontario region and potential impacts on seismic hazard estimates, Proceedings Geological 
Association of Canada Annual Meeting, Memorial University of Newfoundland, 24 p. 
Boyce, F.M, Donelan, M.A., Hamblin, P.F., Murthy, C.R. and Simons, T.J. 1989 Thermal 
Structure and Circulation in the Great Lakes, Atmosphere and Ocean, 27(4): 607 - 642 
Boyce, F.M., Schertzer, W.M., Hamblin, P.F. and Murthy, C.R. 1991 Physical Behaviour of Lake 
Ontario with reference to Contaminant Pathways and Climate Change, Canadian Journal of Fish 
and Aquatic Science, 48: 1517 - 1528 
Boyce, J.I. and Morris, W.A. 2002 Basement-controlled faulting of Paleozoic strata in southern 
Ontario, Canada: new evidence from geophysical lineament mapping, Tectonophysics, 353:151-
171 
Boyd, G.L. 1981 Canada/Ontario Great Lakes Erosion Monitoring Programme 1973 - 1980 -
Final Report, Unpublished Manuscript, Ocean Science and Surveys, Department of Fisheries and 
Oceans, Bayfield Laboratory for Marine Science and Surveys, Burlington Ontario, 200p. 
Brander, R. W. and Short, A.D. 2000 Morphodynamics of a large scale rip current system at 
Muriwai Beach, New Zealand, Marine Geology, 165: 27 - 39 
Brander, R.W. 2005 Rip Currents, p.811 - 813 in Schwartz, M.L. (ed.) Encyclopedia of Coastal 
Science, Springer, Dordrecht, The Netherlands, 121 lp. 
Bray, M.J., Carter, D.J. and Hooke, J.M. 1997 Littoral cell definition and Budgets for Central 
Southern London, Journal of Coastal Research, 11(2): 381 - 400 
Bratos, S.M. and Engle, J. A 2008 Application of Regional Sediment Management Techniques at 
New Pass and Big Sarasota Pass, Florida, Florida Shore and Beach Preservation Association, 
National Conference on Beach Preservation Technology, January 30 - Febl, 2008, Hyatt 
Sarasota on Sarasota Bay, 15p. (Website: http://www.fsbpa.com/2008Proceedings.html) 
Bretschneider, C.L. 1952 Revised wave forecasting relationships Proc 2nd International 
Conference on Coastal Engineering, American Society of Civil Engineers, Berkeley, CA, 1-5 
Bretschneider, C.L. and Reid, R. O. 1953 Change in Wave Height Due to Bottom Friction, 
Percolation and Refraction, 34th Annual Meeting of American Geophysical Union 
Burrows, M.T., Harvey, R. and Robb, L. 2008 Wave exposure indices from digital coastlines and 
the prediction of rocky shore community structure, Marine Ecology Progress Series, 353: 1-12 
341 
Burton, Pierre 1996 The Great Lakes, Toronto: Stoddart, 222p. 
Butler, L. 2009 VeriTech Inc. Technical Support - Personal Communication, 
Byrne, M-L. and Dionne, J-C. 2002 Typical Aspects of Cold Regions Shorelines, 141 - 158 in 
Hewitt, K., Byrne, M-L., English, M. and Young, G. (eds) Landscapes in Transition: Landform 
Assemblages and Transformation in Cold Regions, Kluwer Academic Publishers, London, 246p. 
Caldwell, J.M. 1966 Coastal Processes and Beach Erosion, Journal of the Society of Civil 
Engineers, 53(2): 142 - 157 
California Department of Fish and Game (CDFW) 2002 Nearshore Fishery Management Plan 
(NFMP), Monterey, California, 215p. Available online: http://www.dfg.ca.gov/marine/nfmp/. 
Last Accessed: June 21, 2009 
Calkin, P.E. and Muller, E.H. 1992 Pleistocene Stratigraphy of the Erie and Ontario Lake Bluffs 
in New York, p.385 - 396 in Fletcher, C.H. and Wehmiller, J.F. eds, Quaternary Coasts of the 
United States: Marine and Lacustrine Systems, Project #274 Quaternary Coastal Evolution, 
Society of Economic Paleontologists and Mineralogists (Society for Sedimentary Geology), 
Special Publication #48, 450p. 
Calverely, M.J., Szabo, D., Cardone, V.J., Orelup, E.A. and Parsons, M.J. 2002 Wave Climate 
Study of the Carribean Sea, 7th International Workshop on Wave Hindcasting and Forecasting 
October 21-25, 2002, Banff, Alberta, Canada. 12p. 
Canadian Coast Guard (CCG) 2007 - Canadian Coast Guard Search and Rescue - SAR 
Seamanship Reference Manual - Chapter 8, p.9. Website: 
http://www.ccg-gcc.gc.ca/folios/00027/docs/chap 8-eng.pdf. Last accessed: June 21, 2009 
Canadian Hydrographic Service (CHS) 2005 Department of Fisheries and Ocean - Canadian 
Hydrographic Service: Central and Arctic Region, Website: 
http://www.waterlevels.gc.ca/C&A/tidal_e.html, Last Accessed: July 4, 2009 
Canadian Hydrographic Service (CHS) 2005b Department of Fisheries and Ocean - Canadian 
Hydrographic Service: Central and Arctic Region, Historic Water level data, Website: 
http://www.waterlevels.gc.ca/C&A/historical_e.html, Last Accessed: July 4, 2009 
Canadian Hydrographic Service (CHS) 2005c Department of Fisheries and Ocean - Canadian 
Hydrographic Service: Central and Arctic Region, Great Lakes St. Lawrence River System, 
Website: http://www.lau.chs-shc.gc.ca/C&A/glsystem_ e.html. Last Accessed: July 4, 2009 
Canadian Ice Service (CIS) 2004 LAKE ICE CLIMATIC ATLAS - GREAT LAKES 1973-2002, 
Minister of Public Works and Government Services of Canada, 26p. 
Cardone, V.J., Cox, A.T., Lisaeter, K.A. and Szabo, D. 2004 Hindcast of winds, waves and 
currents in North Gulf of Mexico in Hurricane Lili (2002), (#OCT 16821) Proceedings of 
Offshore Technology Conference, 3 - 6 May, 2004, Reliant Centre, Houston Texas, 15p. 
Cardenas, M.P., Schwab, D.J., Eadie, B.J., Hawley, N. and Lesht, B.M. 2005 Sediment Transport 
Model Validation in Lake Michigan, Journal of Great Lakes Research, 31(4): 373-385 
Carter, R.W.G. 1988 Coastal Environments: An Introduction to the Physical, Ecological and 
Cultural Systems of Coastlines, Academic Press, London, 617p. 
Carson, D.M. 1981 Paleozoic Geology of the Belleville - Wellington Area, Southern Ontario, 
Geological Series Preliminary Map, P.2412, Scale 1: 50 000, Ontario Geological Survey 
Cattaneo, A. 1990 The effect of fetch on periphyton spatial variation, Hydrobiologia, 26: 1-10 
Caufield, B.A. and Bosmas, K.F. 2004 Use of a large scale, spectral wave generation model to 
define input into nearshore wave transformation model, 8th International Workshop on Wave 
hindcasting and Forecasting, Oahu, Hawaii, November 14 - 19, 2004, 8p. Website: 
http://www.waveworkshop.org/. Last Accessed: September 30, 2009 
Central Lake Ontario Conservation Authority (CLOCA) 1990 Central Lake Ontario 
Conservation Authority - Shoreline Management Plan, Sandwell Swan Wooster Inc in 
association with Beak Consultants Limited and EDA Collaborative, 73p. 
Chader, S.A., Mohr, M.C., Morang, A., Ward, D. and Curtis, W.R. 2006 Sheldon Marsh -
Section 227 Demonstration Project - Physical Model Study, ERDC/CHL CHETN-II-49, 15p. 
Chandramohan, P. and Nayak, B.U. 1991 Longshore sediment transport along the Indian Coast, 
Indian Journal of Marine Sciences, 20: 110 - 114 
Chandramohan, P., Jena, B.K. and Kumar, V.S. 2001 Littoral Drift sources and sinks along the 
Indian Coast, Current Science, 81(3): 292 -297 
Chapman, L.J. and Putnam, D.F. 1984 The Physiography of Southern Ontario, 3rd ed. Ministry of 
Natural Resources, Ontario Geological Survey, Special Report, Volume 2, 270p. 
Childs, J. 2005 An investigation into the temporal and spatial movement of the sand dunes in the 
West Lake Ecosystem of Sandbanks Provincial Park and the implications for Management, 
Department of Geography and Environmental Studies, Wilfrid Laurier University, 264p. 
Christopherson, R.W. and Byrne, M.- L. 2009 Geosystems - An Introduction to Physical 
Geography, 2nd Canadian Edition, Pearson Education Canada Inc, Toronto, 709p. 
Chrzastowski, M.J. and Thompson,T.A. 1992 Late Wisconsinan and Holocene coastal evolution 
of the southern shore of Lake Michigan, p.397 - 413 in Fletcher, C.H. and Wehmiller, J.F. eds, 
Quaternary Coasts of the United States: Marine and Lacustrine Systems, Project #274 Quaternary 
Coastal Evolution, Society of Economic Paleontologists and Mineralogists (Society for 
Sedimentary Geology), Special Publication #48, 450p. 
Chrzastowski, M. J., Thompson, T.A. and Trask, C.B. 1994 Coastal geomorphology and littoral 
cell divisions along the Illinois-Indiana coast of Lake Michigan, Journal of Great Lakes Research 
20(1): 27-43 
Cialone, M. 1994 The Coastal Modeling System (CMS): A coastal processes software package, 
Journal of Coastal Research, 10(3): 576-587 
Cialone, M.A. and Smith, J.M. 2007 Wave Transformation modeling with bottom friction applied 
to Southeast Oahu reefs, 10th International Workshop on Wave Hindcasting and Forecasting & 
Coastal Hazard Assessment, North Shore Oahu, Hawaii, November 11-16, 2007, 12p. Website: 
http://www.waveworkshop.org/. Last Accessed: September 30, 2009 
Ciavola, P., Dias, N., Ferrerira, O., Taborda, R. and Dias, J.M.A 1998 Fluorescent sands for 
measurement of longshore transport rates: a case study from Praia de Faro in Southern Portugal, 
Geo-Marine Letters, 18: 49 - 57 
Cipriani, L. E. and Stone, G. W. 2001 Net Longshore Sediment Transport and Textural Changes 
in Beach Sediments along the SW Alabama and Mississippi Barrier Islands, USA. Journal of 
Coastal Research 17(2): 443-458 
Clayton, K.M. 1980 Beach Sediment Budgets and coastal modification, Progress in Physical 
Geography, 4:471-486 
Cloern, J.E. 2001 Our Evolving conceptual model of the coastal eutrophication problem, Marine 
Ecology Progress Series, 210: 223 - 253 
Clodman, S. 1990 Estimating the Variation of Buoy Wind and Wave Data Biases, Journal of 
Great Lakes Research, 16(2): 288-298 
Coakley, J.P. 1970 Natural and Artificial sediment tracer experiments in Lake Ontario, 198 - 209 
in International Association Great Lakes Research, Proceedings 13th Conference on Great Lakes 
Research, State University College, Buffalo, New York, April 1-3, 1063p. 
Coakley, J.P. 1981 A Comment on the Paper: "Wave Climate and Potential Longshore Sediment 
Transport Patterns, Nottawasaga Bay, Ontario" by Robin G.D. Davidson-Arnott and Wayne H. 
Pollard, Journal of Great Lakes Research, 7(1): 68-69 
Coakley, J.P. and Karrow, P.F. 1994 Reconstruction of post Iroquois shoreline evolution in 
western Lake Ontario, Canadian Journal of Earth Sciences, 31: 1618 - 1629 
Coastal Engineering Design and Analysis System (CEDAS) 2009 Coastal Engineering Design 
and Analysis System 4.01 (CEDAS) Homepage Veri-Tech Inc, 
Website: http://www.veritechinc.net/products/cedas/index.php. Last Accessed: June 25, 2009 
Coastal Engineering Research Center (CERC), 1977. Shore Protection Manual. US Army 
Corps of Engineers Coastal Engineering Research Center, Vicksburg, Mississippi. 
Coastal Engineering Manual (CEM) 2002 Coastal Engineering Manual - United States Army 
Corps of Engineers, 1110-2-1100, U.S. Army Corps of Engineers, Washington, D.C. (6 volumes). 
Coastal Engineering Manual (CEM) CEM, 2002b Coastal Engineering Manual Chapter 3 -
Estimation of Nearshore Waves, United States Army Corps of Engineers, 1110-2-1100, U.S. 
Army Corps of Engineers, Washington, D.C. (6 volumes). 
Coastal Engineering Technical Note (CETN) 1982 Coastal Engineering Technical Note (CETN-
VI-13 5/82) - Computer Programs with Coastal Engineering Problems, United States Army 
Corps of Engineers, 
344 
Coastal Engineering Technical Note (CETN) 1986 Coastal Engineering Techincal Note (CETN-I-
42) Computer Program RCPWAVE, Coastal and Hydraulics Labratory, Vicksburg, Mississippi, 
2p-
Coastal Hazards Policy (CHP) 2000 Oregon Coastal Management Program - Coastal Hazards 
Policy - Littoral Cell Management Planning, Collaboration of NOAA with Washington 
Department of Ecology (Southwest Washington Coastal Erosion Study) and Oregon (Department 
of Land Conservation and Development), Website: 
http://www.csc.noaa.gov/beachmap/html/orecmgmt2.html. Last Accessed: June 15, 2009 
Coastal and Hydraulics Labratory (CHL) 2009 US Army Corps of Engineers, Coastal and 
Hydraulics Labratory - Large Scale Labratory Facility for Sediment Transport Research (LSTF), 
Website: http://chl.erdc.usace.army.mil/chl.aspx?p==s&a=ARTICLES;95 , Last Accessed: June 
23,2009 
Coastal Hydraulic Laboratory - Wave information Studies (CHL-WIS) 2009 USACE Coastal 
Hydraulic Laboratory (CHL) Wave information Studies (WIS) Wave hindcast data for U.S. 
coasts: Atlantic, Website: http://www.frf.usace.army.mil/cgi-bin/wis/ont/ont main.html. Last 
Accessed: July 4, 2009 
Coleman, A.P. 1899 The Iroquois beach, Transactions of the Canadian Institute, v6 1898-1899, 
29-44 
Coleman, A.P. 1936a Lake Iroquois, Ontario Department of Mines 45th Annual Report, Kings 
Printer - T.E. Bowman Printer, Toronto, 45(7): 1-36 
Coleman, A.P. 1936b Geology of the North Shore of Lake Ontario, Ontario Department of Mines 
45th Annual Report, Kings Printer - T.E. Bowman Printer, Toronto, 45(7): 37 - 74 
Connelly, N.A, Bibeault, J.F., Brown, J. and Brown, T.L.2005 Estimating the Economic Impact 
of Changing Water Levels on Lake Ontario and the St. Lawrence River for Recreational Boaters 
and Associated Businesses: A Final Report of the Recreational Boating and Tourism Technical 
Work Group, HDRU Series No.05-1, Human Dimensions Research Unit, Department of Natural 
Resources, Cornell University, 170p. 
Cook, S.J., Knight, P.G., Waller, R.I., Robinson, Z.P. and Adam, W-G. 2007 The geography of 
basal ice and its relationship to glaciohydraulic supercooling: Svi'nafellsjo" kull, southeast 
Iceland, Quaternary Science Reviews 26: 2309 - 2315 
Cooper, N.J., Barber, P.C., Bray, M.J., and Carter, D.J. 2002 Shoreline Management Plans - A 
National Review and Engineering Perspective, Water and Marine Engineering, 154(3): 221 - 228 
Cooper, N.J., Hooke, J.M. and Bray, M.J. 2001 Predicting coastal evolution using a sediment 
budget approach: a case study from southern England, Ocean and Coastal Management, 44: 711 -
728 
Cooper, J.A.G. and Pilkey, O.H. 2004 Alternatives to the Mathematical Modeling of beaches, 
Journal of Coastal Research, 20(3): 641 - 644 
Cooper, J.A.G., and Pilkey, O.H. 2004 Longshore Drift: Trapped in an Expected Universe, 
Journal of Sedimentary Research, 74(5): 599 - 606 
345 
Cooper, N.J. and Pontee, N.I. 2006 Appraisal and evolution of the littoral 'sediment cell' concept 
in applied coastal management: Experiences from England and Wales, Ocean and Coastal 
Management, 49: 498 - 510 
Corporation of Prince Edward County (CPEC) 2009 Corporation of Prince Edward County, 
Government - Commerce and Industry, Property, Website: 
http://www.pecountv.on.ca/government/corporate services/pdf/FinalBuildActivity2008.pdf, Last 
Accessed: December 2, 2009 
Corporation of Prince Edward County (CPEC) 2009b Corporation of Prince Edward County, 
Government - Economic Development, Website: 
http://www.pecounty.on.ca/government/corporate services/economic development/index.php. 
Last Accessed: December 2, 2009 
Corporation of Prince Edward County (CPEC) 2009c Corporation of Prince Edward County, 
Government - Creative Economy, Lifestyle, Website: 
http://www.pecountv.on.ca/government/corporate services/economic development/creative eco 
nomy/lifestyle.php, Last Accessed: December 2, 2009 
Corporation of Prince Edward County (CPEC) 2009d Corporation of Prince Edward County, 
Corporate Services and Finance - Quality of Place, Website: 
http://www.pecountv.on.ca/government/corporate services/economic development/creative eco 
nomy/quality of place.php. Last Accessed: December 2, 2009 
Corporation of Prince Edward County (CPEC) 2009e Corporation of Prince Edward County, 
Corporate Services and Finance - Creative Economy, Website: 
http://www.pecountv.on.ca/government/corporate services/economic development/creative eco 
nomy/index.php. Last Accessed: December 2, 2009 
Corporation of Prince Edward County (CPEC) 2009f Corporation of Prince Edward County, 
Commerce and Industry - Growth and Investment, Website: 
http://www.pecountv.on.ca/govemment/corporate_services/economic development/commerce in 
dustry/investment.php. Last Accessed: December 2, 2009 
Corporation of Prince Edward County (CPEC) 2009g Corporation of Prince Edward County, 
Corporate Services and Finance - Tourism, Website: 
http://www.pecounty.on.ca/government/corporate services/economic development/tourism/inde 
x.php. Last Accessed: December 2, 2009 
Corporation of Prince Edward County (CPEC) 2009h Corporation of Prince Edward County, 
Government - Planning Services, Website: 
http://www.pecountv.on.ca/government/planning services/pdf/Schedule D.pdf, Last Accessed: 
December 2, 2009 
Corporation of Prince Edward County (CPEC) 2009i Corporation of Prince Edward County, 
Government - Planning Services, Website: 
http://www.pecounty.on.ca/government/planning_services/pdf/Schedule E.pdf, Last Accessed: 
December 2, 2009 
346 
Craigie, G.E-, Timmermans, S.T., and Ingram, J.W. 2003 Interactions Between Marsh Bird 
Population Indices and Great Lakes Water Levels: A Case Study of Lake Ontario Hydrology, 
Prepared for: International Joint Commission Environmental Technical Working Group by Bird 
Studies Canada and Canadian Wildlife Service (Ontario Region), 40p. Available online at: 
http://www.bsc-eoc.org/download/MMP%20-%20IJC-Report2003.pdf 
Cruickshank, T. 2003 'Prince Edward County' p.86 in Harrowsmith Country Life Staff Report, 
My Kind of Country, Harrowsmith Country Life, 27: 86-97 
Csandy, G.T. 1977 On the Cyclonic mean circulation of large lakes, Proceedings of the National 
Academy of Science, 74(6): 2204 - 2208 
Cummins, V., O'Mahony, C, and Connolly, N. 2004 Review Of Integrated Coastal Zone 
Management & Principals of Best Practice Prepared for the Heritage Council by the Coastal and 
Marine Resources Centre, Environmental Research Institute University College Cork, Ireland, 
84p., Website: 
http://www.heritagecouncil.ie/fileadmin/user upload/Publications/Marine/coastal zone review.p 
df, Last Accessed: June 15, 2009 . 
Cyr, H. 1998 Effects of wave disturbance and substrate slope on sediment characteristics in the 
littoral zone of small lakes, Canadian Journal of Fisheries and Aquatic Sciences, 55(4): 967 - 976 
Dally, W.R. and Osiecki, D.A. 2006 Development and Validation of Hindcast Driven Nearshore 
Wave information, 9th International Workshop on Wave Hindcasting and Forecasting September 
24 - 29, 2006, Victoria British Columbia, Canada, 18p. 
David, P.P. 1977 Sand Dune Occurrences of Canada - A Theme and Resource Inventory Study of 
Eolian Landforms of Canada, Contract No. 74-230, Indian and Northern Affairs, National Parks 
Branch, Ottawa, 183p. 
David, P.P. 1979 Evaluation of the level of significance of the baymouth bar sand dune complex 
at Sandbanks, Prince Edward County Ontario, Unpublished report for the Ministry of Natural 
Resources, 4p. 
Davidson-Arnott, R.G.D. 1986 Rates of erosion of till in the Nearshore Zone, Earth Surface 
Processes and Landforms, 11: 53 - 58 
Davidson-Arnott, R.G.D. and Amin, S.M.N. 1983 Application of computer modelling and 
sediment budget techniques to shore erosion problems, southwest Lake Ontario in Proceedings of 
the Canadian Coastal Conference, p.253 - 267 
Davidon-Arnott, R.G.D. and Pollard, W.H. 1980 Wave Climate and Potential Longshore 
Sediment Transport Patterns, Nottawasaga Bay, Ontario, Journal of Great Lakes Research, 6(1): 
54-67 
Davidson-Arnott, R.G.D. and Amin, S.M.N. 1985 An approach to the problem of coastal erosion 
in Quaternary sediments, Applied Geography, 5: 99 - 116 
Davidson-Arnott, R.G.D and Van Heyningen, A.G. 2003 Migration and sedimentology of 
longshore sandwaves, Long Point, Lake Erie, Canada, Sedimentology, 50: 1123 - 1137 
347 
Davidson, R.J., 1990 Protecting and Managing Great Lakes Coastal Dunes in Ontario in 
Proceedings of the Symposium on Coastal Sand Dunes, National Research Council of Canada, p. 
455-471 
Davies, J.L. 1974 The coastal sediment compartment, Australian Geographical Studies, 12: 139 — 
151 
Davis, R.A. and Hayes, M.O. 1988 What is a wave dominated coast? in Greenwood, B. and 
Davis, R.A. Developments in Sedimentology, #39 - Hydrodynamics and sedimentation in wave 
dominated coastal environments, Elsevier Science Publishers, New York, 455p. 
Deacon, J. Bergman, B., Demont, J., and Aubin, B. 2003 'Can-tastic places' in Maclean's, 
Toronto, 116(9): 23 
Dean, W. E. 1974 Determination of carbonate and organic matter in calcareous sediments and 
sedimentary rocks by loss on ignition: comparison with other methods, Journal of Sedimentary 
Petrology, 44(1): 242-248 
De Falco, G., Molinaroli, E., Baroli,M. and Bellacicco, S. 2003 Grain size and compositional 
trends of sediments from Posidonia oceanica meadows to beach shore, Sardinia, western 
Mediterranean, Estuarine, Coastal and Shelf Science, 58: 299-309 
del Valle, R., Medina, R. and Losada, M.A. 1993 Dependence of coefficient K on Grain size, 
Journal of Waterway, Port, Coastal and Ocean Engineering, 119(5): 568 - 574 
Department for Environment, Food and Rural Affairs, UK (DEFRA) 2007 Department for 
Environment, Food and Rural Affairs, Marine and Fisheries - Marine Environment - ICZM 
Website: http://www.defra.gov.uk/marine/environment/iczm.htm. Last Accessed: June 15, 2009 
Department of Fisheries and Oceans (DFO) 1986 Sailing Directions - Great Lakes, 10th ed., 
Volume 1, Ottawa, Ontario, 3 99p. 
Department of Fisheries and Oceans (DFO) 1996 Sailing Directions, General Information - Great 
Lakes, Booklet CEN 300 1st ed., Ottawa, Ontario, lOlp. 
Department of Fisheries and Oceans (DFO) 2005 The Canadian Hydrographic Service - Central 
and Arctic Region - The Great Lakes - St. Lawrence River System, Website: 
http://www.waterlevels.gc.ca/C&A/glsystem e.html. Last Accessed: February 15, 2009 
Department of Fisheries and Oceans (DFO) 2005b The Canadian Hydrographic Service - Central 
and Arctic Region - Historic Water level data, Website: 
http://www.waterlevels.gc.ca/C&A/network means.html 
Last Accessed: February 15, 2009 
Department of Fisheries and Oceans (DFO) 2005c The Canadian Hydrographic Service - Central 
and Arctic Region - Circulation in the Great Lakes, Website: 
http://www.waterlevels.gc.ca/C&A/currents e.html, Last Accessed: March 2, 2009 
Department of Fisheries and Oceans (DFO) 2007 The Canadian Hydrographic Service - Central 
and Arctic Region - Fluctuations in lake levels - types, Website: 
http://www.waterlevels.gc.ca/C&A/fluctuations e.html. Last Accessed: February 15, 2009 
348 
Department of Fisheries and Oceans (DFO) 2009 Department of Fisheries and Oceans, Science -
Publications: Feature articles - Probing Lake Ontario's Nearshore Ecosystem, Website: 
http://www.dfo-mpo.gc.ca/science/publications/article/2009/ll-02-09-eng.html Last accessed: 
December 4, 2009 
Department of Land Conservation and Development (DLCD) 2007 Oregon Department of Land 
Conservation and Development - Littoral Cell Management and Planning, Website: 
http://www.oregon.gov/LCD/OCMP/ShorHaz Intro.shtml#Planning_and_Regulation (Last 
Accessed: June 15,2009) 
Department of Land Conservation and Development (DLCD) 2007a Oregon Department of Land 
Conservation and Development - Littoral Cell Management and Planning, Website: 
http://www.oregon.gov/LCD/docs/publications/littora.pdf (Last Accessed: June 15, 2009) 
DeRuig, J.H.M. and Louisse, C.J. 1991 Sand budget trends and changes along the Holland coast, 
Journal of Coastal Research, 7(4): 1013-1026 
Digital Globe 2007 Source Water Protection QuickBird Imagery Project, Digital Globe Inc., 
published by Ontario Ministry of Natural Resources, Prince Edward County Orthorectified Pan 
Sharpened Imagery, Land Information Ontario 
Dillion Consulting Limited (DCL) 2004 Quinte Regional Groundwater Study - Final Report, 
Prepared for Quinte Conservation by Dillon Consulting Limited in association with Golder 
Associates ltd., Lisson Earth Sciences, Ainley Group, Agriculture Watersheds Associates, Project 
No. 03-1813, 217p. 
Dionne, J-C. 1979 Ice Action in the Lacustrine Environment: A Review with particular reference 
to Subarctic Quebec, Canada, Earth Science Reviews, 15: 185-212 
Dionne, J-C. 1992 Canadian Landform Examples - 25: Ice push features, The Canadian 
Geographer, 36(1): 8 6 - 9 1 
Dolan, R. 1973 Barrier Islands: Natural and Controlled in Coates, D.R. (ed.) Coastal 
Geomorphology, State University of New York, Binghamton, 416p. 
Dolan, R., Hayden, B., Heywood, J., and Linwood, V. 1977 Shoreline Forms and Shoreline 
Dynamics, Science, 197(4298): 49-51 
Donald, B., Beyea, J. and Christmas, C. 2008 Growing the Creative Rural Economy in Prince 
Edward County, Strategies for Innovative, Creative and Sustainable Development, Prepared for 
the P.E.L.A. Institute for Rural Development, 78p. 
Douglas, R.W. and Rippey, B. 2000 The random redistribution of sediment by wind in a lake, 
Limnology and Oceanography, 45(3): 686 - 694 
Drake, J.J and McCann, S.B 1982 The Movement of isolated boulders on tidal flats by ice floes, 
Canadian Journal of Earth Science, 19: 748 - 754 
Drapeau, G., Long, B. and Kamphuis, J.W. 1991 Evaluation of Radioactive Sand Tracers to 
measure longshore sediment transport rates, p. 2710 - 2733 in Edge, B. (ed.) Proceedings of the 
21st Coastal Engineering International Conference, July 2-6, 1990 in Delft, The Netherlands, 
3436 p. 3 vols. 
Dremanis, A. 1969 Lake Pleistocene lakes in the Ontario and Erie basins, Proceedings 12th 
Conference on Great Lakes Research, International Association Great Lakes Research, p. 170 -
180 
Dunford, N. 1974 The effect of Human Activity and wind action on the landscape of Sandbanks 
Provincial Park, Unpublished Undergraduate Geography Thesis, Trent University, 132p. 
Dunn, G.A. 1996 Insects of the Great Lakes Region, Ann Arbour: University of Michigan Press, 
324p. 
Ebel, J.E. and Turtle, M. 2002 Earthquakes in the Eastern Great Lakes: A Regional Perspective 
Tectonophysics 353: 17 - 30 
Edsall, T.A. and Charlton, M.N. 1997 Background Paper - Nearshore Waters of the Great Lakes, 
State of the Lakes Ecosystem Conference 1996, 179p. Available online: 
http://www.epa.gov/glnpo/solec/solec 1996/Nearshore_Waters of the Great_Lakes.pdf, Last 
Accessed: June 21, 2009 
Eid, B., Dunlap, E., Henschel, M. and Trask, J. 1991 Wind and Wave climate Atlas, Volume III -
The Great Lakes, for Transport Canada - Transportation Development Centre, Policy and 
Coordination group by MacLaren Plansearch Limited 
Ekebom, J., Laihonen, P. and Suominen, T. 2003 A GIS based step wise procedure for assessing 
physical exposure in fragmented archipelagos, Estuarine, Coastal and Shelf Science, 57: 887 -
898 
El-Ella, R.A. and Coleman, J.M. 1985 Discrimination between depositional environments using 
grain size analyses, Sedimentology, 32: 743 - 748 
Ellis, J. and Stone, G.W. 2006 Numerical simulation of net longshore sediment transport and 
granulometry of surficial sediments along Chandeleur Island, Louisiana, USA, Marine Geology 
232:115-129 
Emery, K.O. and Csandy, G.T. 1973 Surface Circulation of Lakes and Nearly Land locked Seas, 
Proceedings of the National Academy of Science, 70(1): 93 - 97 
Engineering Research and Development Centre (ERDC) 2009 US Army Engineering Research 
and Development Centre, Coastal Modeling system (CMS), Website: 
http://www.erdc.usace.army.mil/pls/erdcpub/www welcome-navigation page?tmp next_page=l 
18566, Last Accessed: June 25, 2009 
Environment Canada (EC) 2005a Environment Canada - State of the Environment Infobase -
Ecozones of Canada - Narrative Descriptions of Terrestrial Ecozones and Ecoregions of Canada -
Table of Contents - Mixedwood Ecozone 
Website: http://www.ec.gc.ca/soer-ree/English/Framework/Nardesc/TQC.cfm 
Last Accessed: January 27, 2009 
350 
Environment Canada (EC) 2005b Environment Canada - State of the Environment Infobase -
Ecozones of Canada - Eco-vignettes Series - Mixedwood plains ecozones 
Website: http://www.ec.gc.ca/soer-ree/English/Vignettes/Terrestrial/mp/default.cfm,, Last 
Accessed: January 27, 2009 
Environment Canada (EC) 2006 Environment Canada Ice Archive - Climatic Products - Weekly 
Regional Ice Chart Colour WMO CT - Great Lakes 2004/02/02 Website: http://ice-
glaces.ec.gc.ca/www archive/AQl 13/Charts/sc a!3 20040202 WIS58CT.gif. Last Accessed: 
February 28, 2010 
Environment Canada (EC) 2007 Climatic Ice Atlas Great Lakes - Latest, Past and Future Ice 
Conditions - Great Lakes: Regional Ice Conditions for the Great Lakes, Website: http://ice-
glaces.ec.gc.ca/WsvPageDsp.cfm?Lang=eng&lnid=36&ScndLvl=no&ID==11890, Last Accessed: 
February 28, 2010) 
Environment Canada (EC) 2008 Water Levels Ontario Region - Great Lakes Water Levels, 
Website: http://www.on.ec.gc.ca/water/factsheets/pdf/waterlevelfactsheet eng.pdf 
Last Accessed: February 15, 2009 
Environment Canada (EC1) 2009 Weather office - Operational Model Forecasts - Ocean Wave 
Model Forecasts, Website: http://www.weatheroffice.gc.ca/model_forecast/wave e.html. Last 
Accessed: June 19, 2009 
Environment and Resource Management (ERM) 2009 Mackay Coast Study 2004 12 - Sediment 
Transport, Environment and Resource Management, The State of Queensland Web site: 
http://www.epa.qld.gov.au/register/p01549al.pdf. Last Accessed: June 21, 2009 
Environmental Systems Research Institute (ESRI) Canada 2009 ESRI Data and Maps 
dataset DVD, North America - Canada - Ontario, 5 DVD set 
Environvision, Herrera Environmental and Aqautic Habitat Guidelines Working Group (EHA) 
2007 Protecting Nearshore Habitat and Function in Puget Sound: An Interim Guide, Washington 
Department of Fish and Wildlife, 134p. Available online: 
http://wdfw.wa.gov/hab/nearshore guidelines/. Last Accessed: June 21, 2009 
Eriksson, B.K. and Bergstrom, L. 2005 Local distribution patterns of macroalgae in relation to 
environmental variables in the northern Baltic Proper, Estuarine, Coastal and Shelf Science 62: 
109-117 
Ernsting, J. 1976 Reconstruction of the development of the Presqu'ile Tombolo through statistical 
analysis of sediment size distributions, Unpublished BSc. Thesis, Queen's University Kingston, 
86p. 
Evenson, E.B. and Cohn, B.P. 1979 The ice foot complex: its morphology, formation and role in 
sediment transport and shoreline protection, Zeitschrift fur Geomorphologie, 23(1): 58 - 75 
Eyles, N. 2002 Ontario Rocks - three billion years of environmental change Fitzhenry and 
Whiteside limited, Markham Ontario, 338p. 
351 
Eyles, N. and Clark, B.M. 1988 Last Interglacial sediments of the Don Valley Brickyard, 
Toronto, Canada and their paleoenvironmental significance, Canadian Journal of Earth Sciences, 
25: 1108- 1122 
Fakundiny, R.H., Lewis, C.F., and Jacobi, R.D. 2002 Neotectonics and Seismicity in the Eastern 
Great Lakes Basin: An Introduction Tectonophysics 353:1 - 2 
Fearing, K.M. and Dalrymple, R.A. 2003 Wave Refraction at Jaws, Maui - Centre for Applied 
Coastal Research - University of Delaware, Website: 
http://www.coastal.udel.edu/ngs/waves.html. Last Accessed: June 21, 2009 
Field, C.B. and Mortsch, L.D. 2007 Chapter 14: North America, p.617 - 652 in Parry, M.L., 
Canziani,O.F., Palutikof, J.P., van der Linden, P.J. and Hanson, C.E (eds) Intergovernmental 
Panel on Climate Change (IPCC) Fourth Assessment Report: Climate Change 2007 Working 
Group (WG) II - Impacts, Adaptation and Vulnerability, Cambridge University Press, Cambridge, 
UK, 976p. 
Filanoti, P. 2000 Diffraction of random wind generated waves by detached breakwater or 
breakwater gap, Ocean Engineering 27: 1249 - 1263 
Fitzgerald, P.M., Kraus, N.C., and Hands, E.B. 2000 Natural Mechanisms of sediment bypassing 
of tidal inlets, Coastal Engineering Technical Note, USACE - ERDC/CHL, CETN-IV-October 
2000,lOp. 
Folk, R.L. 1968 Petrology of Sedimentary Rocks, Austin, Texas, Hemphill Publishing Co., 170p 
Folk, R.L. 1974 The petrology of sedimentary rocks, Austin, Texas, Hemphill Publishing Co., 
182p 
Foyle, A. and Norton, K. 2007 Geo-feasibility of in situ sediment capping in a Great Lakes urban 
estuary: a sediment budget assessment, Environmental Geology, 53(2): 271 - 282 
Francis-Chythlook, O. 2005 Results of a wave climate study for Elson Lagoon, Barrow, Alaska, 
44 - 47, in Rachold, V., Lantuit, H., Couture, N. and Pollard, W. (eds), Arctic Coastal Dynamics: 
Report of the 5th International Workshop, McGill University, Montreal, 13-16 October, 2004, 
143p. (Website: http://acd2004.mcgill.ca/) 
Fuller, K., Shear, H., and Wittig, J. (eds.) 1995 Great Lakes Environmental Atlas, Environment 
Canada and United States Environmental Protection Agency, 3rd. ed, Downsview, Ontario, 46p., 
Available online at Website:http://www.epa.gov/glnpo/atlas/glat-ch2.html#Lake%20Processes, 
Last Accessed: March 4, 2009 
Gadd, N. 1980 Late Glacial regional ice flow patterns in Eastern Ontario, Canadian Journal of 
Earth Sciences, 17(11): 1439 - 1453 
Gelfenbaum, G., Sherwood, C.R., Peterson, CD., Kaminsky, G.M., Buijsman, M., Twichell, 
D.C., Ruggiero, P., Gibbs, A.E., and Reed, C. 1999 The Columbia River Littoral Cell: A 
Sediment Budget Overview, Proceedings of the 4th International Conference on Coastal 
Engineering and Coastal Sediment Processes, American Society of Civil Engineers, June 20 - 24, 
1999, Long Island, New York. 
352 
Gewurtz, S.B., Shen, L., Helm, P.A. Waltho, J., Reiner, E.J., Painter, S., Brindle, I.D. and 
Marvin, C.H. 2008 Spatial Distributions of Legacy Contaminants in Sediments of Lakes Huron 
and Superior, Journal of Great Lakes Research, 34(1): 153-168 
Gilbert, R. 1991 Ice Pile up on shores in Northwestern Lake Ontario during winter 1990, 
Geographie Physique et Quaternaire, 45(2): 241 - 244 
Gilbert, R. 1991b Ice on Lake Ontario at Kingston, Journal of Great Lakes Research, 17(3): 403 -
411 
Gilbert, R. 1999 Calculated wave base in relation to the observed patterns of sediment deposition 
in Northeastern Lake Ontario, Journal of Great Lakes Research, 25(4): 883 - 891 
Gilbert, R. and Shaw, J. 1992 Glacial and early postglacial lacustrine environment of a portion of 
northeastern Lake Ontario, Canadian Journal of Earth Science, 29: 63 - 75 
Gilbert, R., Handford, K.J. and Shaw, J. 1992 Ice Scours in the Sediments of Glacial Lake 
Iroquois, Prince Edward County, Eastern Ontario, Geographie physique et Quaternaire, 46(2): 
189-194 
Gillie, R.D. 1974 The Nearshore Morphology of Sand Beaches on the Great Lakes Shoreline of 
Southern Ontario, Unpublished MSc. thesis, McMaster University, Department of Geography, 
140p. 
Google Maps 2009 Google - Map Data, Google - Imagery ©2010 DigitalGlobe, Cnes/Spot 
Image, GeoEye, TerraMetrics, Tele Atlas, INEGI, Prince Edward County region, Website: 
http://maps.google.ca/maps?hl=en&tab=wl, Last Accessed: March 14, 2010 
Gorman, R.M., Byran, K.R. and Laing, A.K. 2003a Wave Hindcast for the New Zealand region: 
Deep Water wave climate, New Zealand Journal of Marine and Freshwater Research, 37: 589 -
,612 
Gorman, R.M., Byran, K.R. and Laing, A.K. 2003b Wave Hindcast for the New Zealand region: 
Nearshore Validation and coastal wave climate, New Zealand Journal of Marine and Freshwater 
Research, 37: 567 - 588 
Gorrell, G.A. 1988 Investigation and Documentation of the Neotectonic Record of Prince Edward 
County, Ontario, Geological Survey of Canada, Open File 2062, 116p. 
Grady, W. 2007 The Great Lakes: the natural history of a changing region, Greystone Books and 
the David Suzuki Foundation: Vancouver, 35lp. 
Graham, C, Cardone, V.J., Ceccacci, E.A., Parsons, M.J., Cooper, C. and Stear, J. 2002 
Challenges to Wave Hindcasting in the Caspian Sea, 7th International Workshop on Wave 
Hindcasting and Forecasting October 21-25, 2002, Banff, Alberta, Canada, 12p. 
Graham, M. and Davidson-Arnott, R. 2005 Shoreline change and sediment transport patterns in 
the vicinity of Pointe-aux-pins, Lake Erie: Implications for past and future evolution, 12th 
Canadian Coastal Conference Dartmouth, Nova Scotia November 6-9, lOp. 
353 
Great Lakes Environmental Research Laboratory (GLERL) 2009 National Oceanic and 
Atmospheric Administration - Water Levels of the Great Lakes (NOAA), Website: 
http://www.glerl.noaa.gov/pubs/brochures/lakelevels/lakelevels.pdf. Last accessed: February 15, 
2009 
Great Lakes Information Network (GLIN) 2001 Education - Welcome to Teach Great Lakes -
Questions and Answers, Website: http://www.great-lakes.net/teach/chat/. Last Accessed: 
February 21, 2009 
Great Lakes Information Network (GLIN) 2007 Environment - Water Levels on the Great Lakes 
- Three types of water level fluctuations, Website: http://www.great-
lakes.net/teach/envt/levels/lev 2.html; Last Accessed: February 15, 2009 
Great Lakes Information Network (GLIN) 2008 Great Lakes - Lake Facts and Figures - Lake 
Ontario, Website: http://www.great-lakes.net/lakes/ref/ontfact.html. Last Accessed: March 6, 
2009 
Greenwood, B. and McGillivray, D.G. 1978 Theoretical model of the littoral drift system in the 
Toronto Waterfront Area, Lake Ontario, Journal of Great Lakes Research 4(1): 84-102 
Greenwood, B. and McGillvray, D.G. 1980 Modelling the impact of large structures upon littoral 
transport in the Central Toronto Waterfront, Lake Ontario, Canada, 97 - 110 in Orme, A.R., Prior, 
D.B., Psuty, N.P. and Walker, H.J. (eds.) Coasts under stress, Zeitschrift fur geomorphologie, 
Volume 34, Supplementary Issue, 26lp. 
Greggs, R.G. and Gorman, W.A. 1976 Geology of the Thousand Islands, St. Lawrence Islands 
National Park, Parks Canada 
Griffies, S.M, Boning, C, Bryan, F.O., Chassignet, E.P., Gerdes, R., Hasumi, H., Hirst, A., 
Treguier, A-M. and Webb, D. 2000 Developments in ocean climate modeling, Ocean Modeling, 
2: 123 - 192 
Griffies, S.M., Biastoch, A., Boning, C, Bryan, F., Danabasoglu, G., Chassignet, E.P., England, 
M.H., Gerdes, R., Haak, H. Hallberg, R.W., Hazeleger, W., Jungclaus, J., Large, W.G., Madec, 
G., Piranni, A., Samuels, B.L., Scheinert, M., Gupta, A.S., Severijns, C.A., Simmons, H.L., 
Treguier, A-M, Winton, M., Yeager, S. and Yin, J. 2009 Coordinated Ocean ice Reference 
Experiments (COREs), Ocean Modeling, 26: 1-46 
Gwyn, Q.H.J, and Dremanis, A. 1979 Heavy Mineral assemblages in tills and their use in 
distinguishing glacial lobes in the Great Lakes region, Canadian Journal of Earth Sciences, 16: 
2219-2235 
HCCL Coastal & River Engineering, Water Resources & Environmental Hydraulics, 2005 
Wellington Channel Sedimentation Study, Wellington Ontario for The County of Prince Edward, 
51p. 
Haas, K.A. and Svenson, LA. 2002 Laboratory Measurements of the vertical Structure of Rip 
currents, Journal of Geophysical Research, 107: 1 - 19 
Haas, K.A. and Hanes, D.M. 2003 Process based modeling of total longshore sediment 
transport. Journal of Coastal Research, 20(3): 853 - 861 
Hails, J.R. and Carr, A.P. 1974 Nearshore Sediment Dynamics and Sedimentation, Area, 6(1):36 
-38 
Hakanson, L. 1981 A Manual of Lake Morphometry, Springer- Verlag, New York, 78p. 
Hakanson, L. and Jansson, M. 1983 Principles of Lake Sedimentology, Springer-Verlag, New 
York, 316p. 
Halfman, J.D, Dittman, D.E., Owens, R.W. and Etherington, M.D. 2006 Storm-induced 
Redistribution of Deepwater Sediments in Lake Ontario, Journal of Great Lakes Research, 32(2): 
348-360 
Halfon, E. 1987 Modeling of Mirex Loadings to the Bottom Sediments of Lake Ontario within 
the Niagara River Plume, Journal of Great Lakes Research, 13(1): 18-23 
Halfpenny, J.C. and Telander, T. 2006 Scats and Tracks of the Great Lakes: A Field Guide to the 
Signs of Seventy Wildlife species, Guilford, Connecticut: Globe Pequot - Morris Book 
Publishing 192 pages 
Hanson, H.P., Hanson, C.S. and Yoo, B.H 1992 Recent Great Lakes Ice Trends, Bulletin 
American Meteorological Society, 73(5) 577 - 584 
Hansom, J.D., Lees, G., McGlashan, D.J., and John, S. 2004 Shoreline Management Plans and 
Coastal Cells in Scotland, Coastal Management, 32: 227 - 242 
Haller, M.C. and Dalrymple, R.A. 2001 Rip Current Instabilities, Journal of Fluid Mechanics, 
433:161-192 
Harding, J. 1997 Amphibians and Reptiles of the Great Lakes region, Ann Arbour: University of 
Michigan Press, 378p. 
Hartling, J.W. and Gilbert, R. 2000 Spatial distribution of surficial sediments in part of the 
Kingston Basin of northeastern Lake Ontario, Canada, Canadian Journal of Earth Sciences, 37(6) 
901-911 
Haslett, S.K. 2008 Coastal Systems 2nd ed., Routledge: Taylor Francis Group, New York, 240p. 
Hawley, N., Wang, X., Brownawell, B. and Flood, R. 1996 Resuspension of Bottom Sediments in 
Lake Ontario During the Unstratified Period, 1992-1993, Journal of Great Lakes Research, 22(3): 
707-721 
Hawley, N. and Eadie, B.J. 2007 Observations of Sediment Transport in Lake Erie during the 
Winter of 2004-2005, Journal of Great Lakes Research, Volume 33, Issue 4, 2007, Pages 816-
827 
Hawley, N., Harris, C.K., Lesht, B.M. and Clites, A.H. 2009 Sensitivity of a sediment transport 
model for Lake Michigan, Journal of Great Lakes Research, 35(4): 560-576 
355 
Hayes, M.O. 1996 An exposure index for oiled shorelines, Spill Science and Technology 
Bulletin, 3(3): 139-147 
Hayes, M.O. 2005 Barrier Islands, 117-119 in Schwartz, M. (ed.) Encyclopedia of Coastal 
Science, Springer - New York, 121 lp. 
Haywood, A.M., Chandler, M.A., Valdes, P.J. and Salzmann, U., Lunt, D.J. and Dowsett, H.J. 
2009 Comparison of mid-Pliocene climate predictions produced by HadAJVB and GCMAM3 
General Circulation Models, Global and Planetary Change, 66 - 208 - 224 
Heiri, O., Lotter, A.F. and Lemcke, G. 2001 Loss on ignition as a method for estimating organic 
and carbonate content in sediments: reproducibility and comparability of results, Journal of 
Paleolimnology, 25: 101 - 110 
Helmuth, B. and Denny, M.W. 2003 Predicting wave exposure in the rocky intertidal zone: Do 
bigger waves always lead to larger forces, Limnology and Oceanography, 48(3): 1338 - 1345 
Herdendorf, C.E. 1990 Great Lakes Estuaries, Estuaries and Coasts, 13(4): 493 - 503 
Heron, R. 1976 Differentiating between some depositional sedimentary environments using grain 
size distributions, Undergraduate Geography Thesis, Trent University, 84p. 
Hessin, W.A. 1988 Leviceraurus, a New Cheirurine Trilobite from the Cobourg Formation 
(Middle Upper Ordovician), Southern Ontario, Canada, Journal of Paleontology, 62(1): 87 - 93 
Hites, R.A. (ed.) 2006 The Handbook of Environmental Chemistry Volume 5: Persistent Organic 
Pollutants in the Great Lakes, Berlin, Germany: Springer Publishing - Birkhauser, 44lp. 
Holcombe, T.L., Warren, J.S., Reid, D.F., Virden, W.T., and Divins, D.L. 2001 Small Rimmed 
Depression in Lake Ontario: An Impact Crater? Journal of Great Lakes Research, 27(4): 510 -
517 
Hooke, J.M. and Bray, M.J. 1995 Coastal Groups, Littoral cells, policies and plans in the UK, 
Area, 27(4): 358 - 368 
Hooke, J.M., Bray, M.J., and Carter, D.J. 1996 Sediment Transport Analysis as a component of 
coastal management - a UK example, Environmental Geology, 27: 347 - 357 
Hough, J. 1958 Geology of the Great Lakes, Urbana-Champaign, IL: University of Illinois Press, 
313p. 
Huang, J.C.K. and Sloss, P.W. 1981 Simulation and Verification of Lake Ontario's Mean State, 
Journal of Physical Oceanography 11: 1548 - 1566 
Huang,W. Chou, C. and Yim, J. 2005 On reflection and diffraction due to a detached breakwater 
Ocean Engineering 32, 1762 - 1779 
Hubertz, J. 1989 A Wave Hindcast for the Great Lakes 1956-1987. Proceedings of the 2nd 
International Workshop on Wave Hindcasting and Forecasting, Vancouver, B.C., April 25-28 
1989, pp. 171-181. 
Hubertz, J. 1992 Users guide to the wave information studies (WIS) wave model, version 2.0, 
WIS Report 27, US Army Engineer Waterways Experiment Station, Vicksburg, MS. 
Hubertz, J.A, Driver, D.B. and Reinhard, R.D. 1991 Wind Waves on the Great Lakes: A 32 year 
Hindcast, Journal of Coastal Research 7(4): 945 - 967 
Hubertz, J.M., Driver, D.B. and Reinhard, R.D. 1991b Hindcast Wave Information for the Great 
Lakes: Lake Huron Final Report, Coastal Engineering Research Centre, Vicksburg Mississippi, 
419p. 
Hubertz, J.M., Driver, D.B. and Reinhard, R.D. 1991c Hindcast Wave Information for the Great 
Lakes: Lake Ontario - Final Report, Coastal Engineering Research Centre, Vicksburg Mississippi, 
339p. 
Hudson, B.M. 1982 Pride of Place: A Story of the Settlement of Prince Edward County, Mika 
Publishing Company, Belleville, Ontario, 116p. 
Hughes, S.A. and Jensen, R.E. 1986 A Users guide to SHALWV, numerical model for simulation 
of shallow water wave growth, propagation and decay, Instruction report CERC-86-2, US Army 
Engineer Waterways Experiment Station, Vicksburg, MS 
Hume, T.M., Oldman, J.W. and Black, K.P. 2000 Sediment Facies and pathways of sand 
transport about a large deep headland, Cape Rodney, New Zealand, New Zealand Journal of 
Marine and Freshwater Research, 34: 695 - 717 
Inman, D.L. 1994 Types of Coastal Zones - Similarities and Differences, p.67 - 84 in 
Environmental Science in the Coastal Zone - Issues for Further Research, Commission on 
Geosciences, Environment and Resources, National Research Council, Washington, D.C., 172p. 
Inman, D.L. 2005 Littoral Cells, p.594 - 599 in Schwartz, M.L. (ed.) Encyclopedia of Coastal 
Science, Springer, Dordrecht, The Netherlands, 121 lp. 
Inman, D. L. and J. D. Frautschy, 1965 Littoral processes and the development of shoreline p. 
511-536 in Coastal Engineering, Santa Barbara Specialty Conference, ASCE, New York, NY, 
1006 p. 
Inman, D.L. and Gayman, W.R. and Cox, D.C. 1963 Littoral Sedimentary Processes on Kauai, a 
Subtropical high island, Pacific Science 17(1): 106 - 130 
Inman, D.L. and Masters, P.M 1991 Budget of Sediment and Prediction of the Future state of the 
coast, Coast of California Storm and Tidal Waves Study, State of the Coast Report, San Diego 
Region, US Army Corp of Engineers, Los Angeles District, 11 lp. 
Inman, D.L. and Meadows, P.M. 1994 Status of Research in the Nearshore, Shore and Beach, 
62(3): 11 - 20 
International Joint Commission (IJC) 2006 Options for Managing Lake Ontario and St. Lawrence 
River Water levels and flow, Final Report by the International Lake Ontario - St. Lawrence River 
Study Board to the International Joint Commission, 162p. 
357 
International Joint Commission (IJC) 2008 International St. Lawrence River Board of Control -
Lake Ontario St. Lawrence Regulation, Website: http://www.islrbc.org/new-
version/brochure.html. Last accessed: February 15, 2009 
Irbe, G.J. 1992 Climatological Studies #43 - Great Lakes Surface Water Temperature 
Climatology, Environment Canada, Ottawa, Ontario, 215p 
Jacobsen, E. E. and Schwartz, M.L. 1981 The Use of Geomorphic Indicators to Determine the 
direction of Net Shore Drift." Shore and Beach October, 49: 38 - 42 
Jarrett, T.J., 1977 Sediment budget analysis, Wrightsville Beach to Kure Beach, North 
Carolina, in Coastal Sediments 1977, American Society of Civil Engineers 
Jensen, R.E. 1994 Coastal Engineering Technical Note - Spectral Wave Modeling 
Technology, CETN-I-5 8(9/94) US Army Engineer Waterways Experiment Station, Vicksburg, 
MS 
Jin, K-R. and Ji, Z-G. 2001 Calibration and Verification of a spectral wind wave model for Lake 
Okeechobee, Ocean Engineering, 28: 571 - 584 
John, B.S. and Sugden, D.E 1975 Coastal Geomorphology of High Latitudes, Progress in 
Physical Geography, 7: 56 - 132 
Johnson, J., 1956 Dynamics of nearshore sediment movement, American Association of 
Petroleum Geologists Bulletin, 40, 2211 -2232 
Johnson, M.D., Armstrong, D.K., Sanford, B.V., Telford, P.G., and Rutka, M.A. 1992 Paleozoic 
and Mesozoic Geology of Ontario in Thurston, P.C., Williams, H.R., Sutcliffe, R.H. and Stott, 
G.M. (ed.) Geology of Ontario, Special Volume 4, Part 2, Ontario Geological Survey, Ministry of 
Northern Development and Mines. 1525p. 
Jonsson, I.G. 1990 Wave - Current interactions in LeMehaute, B. and Hanes, D.M (eds) The Sea 
- Ocean Engineering Science, Volume 1, Part A, John Wiley and Sons, Inc, New York, 720p. 
Jose, F. and Stone, G.W. 2006 Forecast of nearshore wave parameters using MIKE-21 Spectral 
wave model, Gulf Coast Association of Geological Societies Transactions, 56: 323 - 327 
Kana, T.W. 1995 A mesoscale sediment budget for Long Island, New York, Marine Geology, 
126:87-110 
Kang, S.W., Sheng, Y.P. and Lick, W. 1982 Wave Action and Bottom Shear Stresses in Lake 
Erie, Journal of Great Lakes Research, 8(3): 482-494 
Kaminsky, G. and Gelfenbaum, G. 2000 The southwest Washington coastal erosion study: A 
scientific research project to address management scale objectives, Coastal Society 17th 
Conference, Coasts at the Millennium, 9 - 1 2 July 2000, Portland, Oregon, 7p. 
Kamphuis, J.W., Davies, M.H., Nairn, R.B. and Sayao, O.J. 1986 Calculation of Littoral sand 
transport rate, Coastal Engineering: 10, 1-21 
358 
Kamphuis, J.W. 1991 Alongshore Sediment Transport Rate, Journal of Waterway, Port, Coastal 
and Ocean Engineering, 117(6): 624 - 640 
Karrow, P. F., Clark, J.R. and Terasmae, J. 1961 The age of Lake Iroquois and Lake Ontario, 
Journal of Geology, 69: 659 - 667 
Karrow, P.F. 1984 Quaternary Stratigraphy and History, Great Lakes St. Lawrence Region in 
Fulton, R.J. (ed) Quaternary Stratigraphy of Canada - A Canadian Contribution to IGCP Project 
24, Geological Survey of Canada, Paper 84-10, 21 Op. 
Karrow, P.F. and Calkin, P.E. 1985 Quaternary evolution of the Great Lakes, Volume 30 of 
Geological Association of Canada special paper, Ottawa: Geological Association of Canada, 
258p. 
Karrow, P.F. and White, O.L. 2002 A History of Neotectonic studies in Ontario, Tectonophysics 
353:3-15 
Kautsky, L. and Kautsky, H. 1989 Algal species diversity and dominance along gradients of 
stress and disturbance in marine environments, Vegetatio, 83: 259 - 267 
Kay, G.M. 1942 Ottawa Bonnechere Graben and Lake Ontario Homocline, Bulletin of the 
Geological Society of America, 53: 585 - 646 
Kay, R. and Adler, Jacqueline 2005 Coastal Planning and Management 2nd ed., Taylor and 
Francis, New York, 380p. 
Keddy, P. A. 1982 Quantifying within lake gradients of wave energy: Interrelationships of wave 
energy, substrate particle size and shoreline plants in Axe Lake, Ontario, Aquatic Botany, 14: 41 -
58 
Keddy, P.A 1983 Shoreline vegetation in Axe Lake, Ontario: Effects of exposure on zonation 
patterns, Ecology, 64(2): 331 - 344 
Keddy, P.A. 1984 Quantifying a within lake gradient of wave energy in Gillfillan Lake, Nova 
Scotia, Canadian Journal of Botany, 62: 301 - 309 
Keddy, P.A. and Reznicek, A.A. 1986 Great Lakes vegetation dynamics: The role of fluctuating 
water levels and buried seeds, Journal of Great Lakes Research, 12(1): 25 - 35 
Kelley, S.W., Ramsey, J.S. and Byrnes, M.R. 2004 Evaluating shoreline response to offshore 
sand mining for beach nourishment, Journal of Coastal Research, 20(1): 89-100 
Kemp, A.L.W. and Harper, N.S. 1976 Sedimentation Rates and a Sediment Budget for Lake 
Ontario, Journal of Great Lakes Research, 2(2): 324-339 
Kennedy, A., McDonell, D. and Palen, H. 1999 Stabilizing the Sandbanks West Lake Baymouth 
Bar dune system at Sandbanks Provincial Park, Unpublished report, University of Guelph, 57p. 
Kerr, M. and Eyles, N. 2007 Origin of drumlins on the floor of Lake Ontario and in upper New 
York State, Sedimentary Geology 193: 7 - 20 
Kesik, A., Law, J. and McFall, G. Quarternary Geology and Geomorphology of the Lake Ontario 
North Shore, p. 163 - 265 in MacKenzie, D.I. (ed) 1990 Quaternary Environments of Lake Erie 
and Ontario - Field Guide prepared for the first Joint Meeting of the Canadian Quaternary 
Association and the American Quaternary Association, Waterloo, Ontario, Canada, 265p. 
Khatri, S.K. 1997 In the search of a coastal ocean wave model, IEEE, 213-218 
Kiirikki, M. 1996 Mechanisms affecting macroalgal zonation in the northern Baltic Sea, 
European Journal of Phycology, 31:225-232 
Kindle, E.M. 1925 The bottom sediments of Lake Ontario, Royal Society of Canada, Geological 
Sciences, 3rd series, 19: 17-72 
King, C.A.M. 1972 Beaches and Coasts, London: Edward Arnold, 570p. 
King, D.B. 2005 Influence of Grain size on sediment transport rates with emphasis on the total 
longshore rate, ERDC/CHL Coastal Hydraulic Engineering Technical Note - II - 48, 24p. 
Kirby, J.T. 2009 REF/DIF Homepage 
Website: http://chinacat.coastal.udel.edu/programs/refdif/refdif.html. Last Accessed: June 25, 
2009 
Kirby, J. T. and Dalrymple, R. A., 1994, "Combined Refraction/Diffraction Model REF/DIF 1, 
Version 2.5. Documentation and User's Manual", Research Report No. CACR-94-22, Center for 
Applied Coastal Research, Department of Civil Engineering, University of Delaware, Newark. 
Kirby, J.T. and Dalrymple, R.A. 2007 Nearshore Community Model (NearCom) Homepage, 
Website: 
http://chinacat.coastal.udel.edu/programs/nearcom/descriptions/wave_module refdifl.html. Last 
Accessed: June 25, 2009 
Klein, M., Zviely, D. Kit, E. and Shteinman, B. 2007 Sediment transport along the Coast of 
Israel: Examination of Fluorescent Sand Tracers, Journal of Coastal Research, 23(6): 1462 - 1470 
Komar, P.D. 1996 The budget of littoral sediments - Concepts and Applications, Shore and 
Beach, 64(3): 18-26 
Komar, P. D. 1998 Beach Processes and Sedimentation. Englewood Cliffs, NJ: Prentice-Hall. 
544p. 
Komar, P.D. and Inman, D.L. 1970 Longshore Sand Transport on Beaches, Journal of 
Geophysical Research, 75(30): 5914 - 5927 
Komar, P.D. and Wang, C. 1984 Processes of Selective Grain Transport and the Formation of 
Placers on Beaches. Journal of Geology, 92(6): 637 - 655 
Kraus, N.C. 1987 Application of portable traps for obtaining point measurements of sediment 
transpor rates in the surf zone, Journal of Coastal research, 3(2): 139 - 152 
Kraus, N.C., Isobe, M., Igarashi, H., Sasaki, T.O., and Horikawa, K. 1982 Field experiments on 
longshore sand transport in the surf zone, Proc. 18th Coastal Engineering Conference, Capetown, 
ASCE: 969 - 988 
Kraus, N.C., Gingerich, K.J., and Rosati, J.D. 1988 Towards an improved empirical formula for 
longshore sand transport. Proceedings of 21st International Conference on Coastal Engineering, 
ASCE, New York: 1183 - 1196 
Kreutzwiser, R.D 1987 Managing the Great Lakes shoreline hazard, Journal of Soil and Water 
Conservation, 42(3): 150-154 
Krezoski, J.R. 1989 Sediment Reworking and Transport in Eastern Lake Superior: In Situ Rare 
Earth Element Tracer Studies, Journal of Great Lakes Research, 15(1): 26-33 
Kunte, P.D. and Wagle, B.G. 1993 Determination of net shore drift direction of Central West 
Coast of India using remotely sensed data, Journal of Coastal Research, 9(3): 811 - 822 
Kunte, P.D. and Wagle, B.G. and Sugimori, Y. 2001 Littoral Transport studies along west coast 
of India - A Review, Indian Journal of Marine Sciences, 30: 57 - 64 
Kumar, V.S., Kumar, K.A. and Raju, N.S.N. 2001 Nearshore Processes along Tikkavanipalem 
Beach, Visakhapatnam, India, Journal of Coastal Research 17(2): 271 - 279 
Kumar, V.S., Anand, N.M., Chandramohan, P. andNaik, G.N. 2003 Longshore Sediment 
transport rate - measurement and estimation - central west coast of India, Coastal Engineering 
48:95-109 
Lakhan, V.C. and Trenhaile, A.S. 1989 Models and the Coastal System in Lakhan, V.C. and 
Trenhaile, A.S (eds) Applications in Coastal Modeling, Elsevier: New York, 387p. 
Lake Ontario St. Lawrence River Study (LOSLS) 2006 Final Report by the International Lake 
Ontario St. Lawrence River Study Board to the International Joint Commission, Annex 2 -
Technical Work Group Summaries and Contextual Narratives, March 2006, 138p. 
Land Use Coordination Office (LUCO) 1999 British Columbia Estuary Mapping System 
Prepared for the Coastal Task Force, Resource Inventory Committee, Version 1.0, 70p. 
Website: http://www.ilmb.gov.bc.ca/risc/pubs/coastal/estuary/index.htm, Last Accessed: August 
14,2009 
Lapczak, S., Wyllie, W.D., and Lawford, R.G. 1979 Climate of the Thousand Islands, 
Climatological analysis undertaken by Atmospheric Environment Service for Parks Canada and 
the Department of Indian and Northern Affairs 
Larangeiro, S.H.C.D. and Oliveira, F.S.B.F. 2003 Assessment of the longshore sediment transport 
at Buarcos Beach (West Coast of Portugal) through different formulations, CoastGIS 2003, Fifth 
International Symposium on GIS Computer Cartography for Coastal Zone Management, Genova, 
Italy, October 16-18, 7p. 
Larsen, G. and Schaetzl, R. 2001 Origin and Evolution of the Great Lakes, Journal of Great Lakes 
Research, 27(4): 518-546 
361 
Lawrence, P.L. 1995 Great Lakes Shoreline Management in Ontario, Great Lakes Geographer, 
2(2): 1 - 20 
Lautzenhiser, R.E. 1953 Great Lakes Weather, Weatherwise, 6 : 3 - 6 
Lavender, B., Smith, J., and Bullock, T. 1997 The Canada Country Study: Impacts and 
Adaptation - Ontario Summary, Environment Canada, 12p. 
Law, J. 1989 The Sandbanks dune-bay barrier complex, Prince Edward County, Ontario -
Morphology and Change over the past 1200 years, Unpublished PhD thesis, Department of 
Geography, University of Waterloo, 207p. 
Law, J. 1990 Seasonal Variations in Coastal Dune Form, Proceedings Canadian Symposium on 
Coastal Sand Dunes, p.69 - 88 
Law, J. 1991 Geomorphology of Sandbanks Provincial Park, Ontario Ministry of Natural 
Resources, Napanee District Office, 88p. 
Law, J. and van Dijk, D. 1994 Sublimation as a Geomorphic Process: A Review, Permafrost and 
Periglacial Processes, 5: 237 - 249 
Lawrence, P. L. 1991 Wave energy and sediment transport patterns on southeastern Lake Huron 
and Implications for shoreline management, Unpublished Master of Science thesis, Department 
of Geography, University of Guelph, 151p. 
Lawrence, P.L. 1995a Development of Great Lakes shoreline management plans by Ontario 
conservation authorities, Ocean and Coastal Management, 26(3): 205 - 223 
Lawrence, P.L. 1998 Ontario Great Lakes Shoreline Management: An Update, Coastal 
Management, 26: 93-104 
Lawrence, P.L. and Davidson-Arnott, R.G.D. 1997 Alongshore wave energy and sediment 
transport on Southeastern Lake Huron, Ontario Canada, Journal of Coastal Research, 13(4): 1004 
- 1015 
Lawrence, P.L., Nelson, J.G. and Peach, G. 1993 Great Lakes Shoreline Management Plan for the 
Saugeen Valley Conservation Authority, Operational Geographer, 11(2): 26-33 
Lee, D. H., Quinn, F., Sparks, D. and Rassum, J. 1994 Modification of Great Lakes Regulation 
plans for Simulation of Maximum Lake Ontario Outflows, Journal of Great Lakes Research, 
20(3): 569 - 582 
Leafe, R., Pethick, J., and Townend, I. 1998 Realizing the Benefits of Shoreline Management, 
The Geographical Journal, 164(3): 282-290 
Leafherman, S.P., Rice, T.E. and Goldsmith, V. 1982 Virginia Barrier Island Configuration: A 
Reappraisal. Science, 215(4530): 285 - 287 
Lee, M.W.E., Sear, D.A., Atkinson, P.M., Collins, M.B. and Oakey, R.J. 2007 Number of tracers 
required for the measurement of longshore transport distance on a shingle beach, Marine 
Geology, 240(1-4): 57 - 63 
362 
LeMay, K. 2010 Lake Superior: Freshwater research capital of the world, Lake Superior 
Magazine, 32(1): 36-45 
Lenters, J.D. 2001 Long term trends in the seasonal cycle of the Great Lakes Water Levels, 
Journal of Great Lakes Research, 27(3): 342 - 353 
Lesht, B.M. 1989 Climatology of Sediment Transport on Indiana Shoals, Lake Michigan, Journal 
of Great Lakes Research, 15(3): 486-497 
Lewis, C.F.M. and McNeely, R.N. 1967 Survey of Lake Ontario bottom deposits, p. 133 - 142 in 
International Association Great Lakes Research, Proceedings 10th Conference on Great Lakes 
Research, University of Toronto, Toronto Ontario, April 10 - 12, 
Ley land, J.G. 1982a Quaternary Geology of the Belleville area, Southern Ontario, Geological 
Series Preliminary Map, P.2540, Scale 1:50 000, Ontario Geological Survey 
Leyland, J.G. 1982b Quaternary Geology of the Wellington area, Southern Ontario, Geological 
Series Preliminary Map, P.2541, Scale 1:50 000, Ontario Geological Survey 
Leyland, J.G. 1984 Quaternary geology of the Campbellford, Trenton, Consecon, Tweed, 
Belleville, Wellington, Sydenham, Bath and Yorkshire Island map areas, Ontario, Unpublished 
MSc thesis, Brock University, 68p. 
Liberty, B.A 1960 Geological Survey of Canada, Paper 60-31 Belleville and Wellington Map 
areas, Ontario, Report and 2 maps, 30N/14 and part of 30 N15 W V2 ; 31 C/3 and part of 31 C/2 
W lA, Dept of Mines and technical Surveys, Ottawa Canada, 9p. 
Liberty, B.A. 1960b Rice Lake - Port Hope and Trenton Map areas, Ontario (31D/1, 30M/16, 31 
C/4 and 30 N/13) (P.S. Map 16 - 1960 and P.S. Map 17 - 1960) Geological Survey of Canada, 
Department of Mines and Technical Surveys, Paper 60-14, Ottawa, Canada, 4p. 
Liberty, B.A. 1963 Geology of Tweed, Kaladar and Bannockburn Map areas, Ontario, with 
special emphasis on Middle Ordovician Stratigraphy (31C/6, 11 and 12), Geological Survey of 
Canada, Dept of Mines and technical Surveys, Ottawa, Canada, Paper 63-14, 15p. 
Liberty, B.A 1969 Paleozoic Geology of the Lake Simcoe area, Ontario, Geological Survey of 
Canada, Department of Energy, Mines and Resources, Memoir 355, Ottawa, Canada, 201p. 
Lin, W., Sanford, L.P. and Suttles, S.E. 2002 Wave measurement and modeling in Chesapeake 
Bay, Continental Shelf Research, 22: 2673 - 2686 
Lindegarth, M. and Gamfeldt, L. 2005 Comparing categorical and continuous ecological 
analyses: Effects of'wave exposure' on rocky shores, Ecology, 86(5): 1346 - 1357 
Liu, P.C. and Kessenich, T.A. 1976 IFYGL Shipboard Visual Wave Observations vs. Wave 
Measurements, Journal of Great Lakes Research, 2(1): 33-42 
Lofgren, B.M., Quinn, F.H., Clites, A.H., Assel, R.A., Berhardt, A.J. and Luukkonen, C.L. 2002 
Evaluation of Potential Impacts on Great Lakes Water Resources based on climate scenarios of 
two GMS's, Journal of Great Lakes Research, 28(4): 537 - 554 
363 
Lowry, P. and Carter, R.W.G. 1982 Computer simulation and delimitation of littoral power cells 
on the barrier coast of southern county Wexford, Ireland, Journal of Earth Science, Royal Dublin 
Society, 4: 121 - 132 
Luo, W.K., Lalbeharry, R. and Wilson, L. 2000 Wind wave forecasting on the Great Lakes, 6th 
International Workshop on Wave Hindcasting and Forecasting, November 6 -10 , 2000, 
Monterey, California, USA 
Liitkes, S. and HolzfuB, H. (ed) 2006 Integrated Coastal Zone Management in Germany 
Assessment and steps towards a national ICZM strategy, 12p. 
Lynch, J.F., Irish, J.D., Sherwood, C.R. and Agrawal, Y.C. 1994 Determining suspended 
sediment particle size information from acoustical and optical backscatter measurements, 
Continental Shelf Research, 14(10-11): 1139 - 1165 
MacLaren Plansearch 1988 Wave hindcast Database for Lake Ontario and Lake Superior, Final 
Report to the Ontario Ministry of Natural Resources 
MacKay, B. 2009 Starting Point - Teaching Entry level geoscience - What are Conceptual 
models - Website: http://serc.carleton.edu/introgeo/conceptmodels/. Last Accessed: June 21, 2009 
McClelland, T. 2008 The Third Coast: Sailors, Strippers, Fishermen, Folksingers, Long-Haired 
Ojibway Painters, and God-Save-the-Queen Monarchists of the Great Lakes, Chicago: Chicago 
Review Press, 352p. 
McDougal, W.G., Kraus, N.C. and Ajiwibowo, H. 1996 The Effects of Seawalls on the Beach: 
Part II, Numerical Modeling of SUPERTANK Seawall Tests, Journal of Coastal Research, 12(3): 
702-713 
McFall, G.H. and Allam, A., 1989 Neotectonic investigations in southern Ontario; Prince Edward 
County-Phase I. Atomic Energy Control Board, Technical Report INFO-0343, 67 p. 
McFall, G.H. 1993 Structural elements and Neotectonics of Prince Edward County, Southern 
Ontario, Geographie physique et Quaternaire 47(3): 303 - 312 
Maa, J. P.-Y. and Kim, S-C. 1992 Effects of Bottom Friction on Wave Breaking Using 
RCPWAVE Model, Journal Waterway, Port, Coastal and Ocean Engineering, 118(4): 387-400 
Maa, J. P.-Y., Hsu, T.-W., Tsai, C.H. and Juang, W.J. 2000 Comparison of wave refraction and 
diffraction models, Journal of coastal research, 16(4): 1073-1082 
Maa, J.P-Y., Hobbs, C.H., Kim, S.C. and Weis, E. 2004 Potential Impacts of Sand Mining 
Offshore of Maryland and Delaware: Part 1 - Impacts on the Physical Oceanographic Processes, 
Journal of Coastal Research, 20(1): 44 - 60 
Mackay Coast Study (MCS) 2004 Mackay Coast Study - Queensland Government, 
Environmental Protection Agency - Queensland Parks and Wildlife Service, 109p. 
364 
Magnuson, J.J., Webster, K.E., Assel, R.A., Bowser, C.J., Dillon, P.J., Eaton, J.G., Evans, H.E., 
Fee, E.J, Hall, R.I., Mortsch, L.R., Schindler, D.W. and Quinn, F.H. 1997 Potential effects of 
climate changes on aqautic systems - Laurentian Great Lakes and Precambrian Sheild Region, 
Hydro logical Processes, 11: 825 - 871 
Malhadas, M.S., Leitao, P.C., Silva, A. and Neves, R. 2009 Effect of coastal waves on sea level 
in Obidos Lagoon, Portugal, Continental Shelf Research, 29: 1240 - 1250 
Mainville, A. and Craymer, M.R. 2005 Present day tilting of the Great Lakes region based on 
water level gauges, Geological Society of America Bulletin, 117 (7-8): 1070 - 1080 
Mariners Park Museum (MPM) 1999 Mariners Park Museum Website: 
http.V/www.stormv.ca/marmus/mmusgen.html, Last Accessed: January 27, 2009 
Marriner, N., Morhange, C. and Meule, S. 2007 Holocene morphogenesis of Alexander the 
Great's isthumus at Tyre in Lebanon, Proceeding of the National Academy of Sciences of the 
United States of America, 104(22): 9218 - 9223 ' 
Marriner, N., Goiran, J.P. and Morhange, C. 2008 Alexander the Great's tombolo at Tyre and 
Alexandria, Eastern Mediterranean, Geomorphology, 100: 377 - 400 
Marsh, S.W., Vincent, C.E. and Osborne, P.D. 1999 Bedforms in a Laboratory Wave Flume: An 
Evaluation of Predictive Models for Bedform Wavelengths, Journal of Coastal Research, 15(3): 
624 - 634 
Martini, LP. 1981 Coastal Dunes of Ontario: Distribution and Geomorphology, Geographie 
physique et Quaternaire, 35(2): 219 - 229 
Martini, LP. and Kwong, J.K.P. 1985 Nearshore Sediments of Lake Ontario with Special 
Reference to the Presqu'ile - Wellington Bay Area, Ministry of Natural Resources, Ontario 
Geological Survey, Open File Report 5557, 99p. 
Martini, LP. and Bowlby, J.R. 1991 Geology of the Lake Ontario Basin: A Review and Outlook, 
Canadian Journal of Fish and Aquatic Sciences, 48: 1503 - 1516 
Masselink, G. 1992 Longshore variation of Grain size distribution along the Coast of the Rhone 
Delta, Southern France: A test of the 'McLaren Model', Journal of Coastal Research, 8(2): 286 -
291 
Masselink, G. and Hughes, M.G. 2003 Introduction to Coastal Processes and Geomorphology, 
Oxford University Press Inc., New York, 354p. 
May, J. 1974 WAVENRG: A computer program to determine the distribution of energy 
dissipation in shoaling water waves with examples from coastal Florida in Sediment Transport in 
the nearshore zone, Proceedings of a symposium published jointly by Coastal Research Notes and 
the Department of Geology, Florida State University, Tallahassee, Florida, 22-61 
May, J. P. and Tanner, W.F. 1973 The Littoral power gradient and shoreline changes. Coastal 
Geomorphology - A proceedings volume of the Third Annual Geomorphology Sysmposia Series,, 
Binghamton, New York, State University of New York 
365 
May, J. P. and Stapor, F.W. 1996 Beach Erosion and Sand Transport at Hunting Island, South 
Carolina, USA, Journal of Coastal Research 12(3): 714-725 
Meadows, G.A., Meadows,, L.A., Wood, W.L., Hubertz, J.M. and Perlin, M. 1997 The 
Relationship between Great Lakes Water Levels, Wave Energies and Shoreline Damage, Bulletin 
of the American Meteorological Society, 78(4): 675 - 683 
Merritt, L. 1973 Point Petre: An evaluation of the physical outdoor recreation resources of the 
former Department of National Defence properties in Athol - South Marysburgh townships, 
Prince Edward County, Ontario, HBES thesis, Geography Department, University of Waterloo, 
189p. 
Michigan Sea Grant (MSG) 2008 Michigan Sea Grant - About the Great Lakes, Website: 
http://www.miseagrant.umich.edu/education/greatlakes/index.html. Last Accessed: February 5, 
2009 
Mika, N. and Mika, H. 1980 Prince Edward County Heritage, Mika Publishing Company, 
Belleville, Ontario, 128p. 
MIKE, 2009 DHI Inc. MIKE 21 Homepage, Website: 
http://www.dhigroup.com/Software/Marine/MIKE21 .aspx. Last accessed: June 25, 2009 
Miles, J. W. 1957 On the generation of the spectrum of wind generated waves, Journal of Fluid 
Mechanics, 3: 185-204 
Miller, H. 1999 Field Measurements of longshore sediment transport during storms, Coastal 
Engineering, 36: 301 - 321 
Miner, J.J. and Powell, R.D. 1991 An evaluation of ice rafted erosion caused by an icefoot 
complex, southwestern Lake Michigan, USA, Arctic and Alpine Research, 23(3): 320 - 327 
Mirynech, E. 1962 The Pleistocene geology of the Trenton - Campbellford map area, Ontario, 
Unpublished PhD thesis, University of Toronto, 197p. 
Mitchell, E. 1976 The Outlet intrabay bar, Prince Edward County, Ontario, Unpublished BSc 
thesis, Queen's University, 84p. 
Mohajer, A. A. 1993 Seismicity and Seismotectonics of the Western Lake Ontario Region, 
Geographie physique et Quaternaire, 47(3): 353-362 
Morelock, J., Schwartz, M.L., Hernandez-Avila, M. and Hatfield, D.M. 1985 Net Shore drift on 
the north coast of Puerto Rico." Shore and Beach, 16-21 
Morgan, A. 2005 World Wildlife Fund (WWF) Basic Guidance for Cross cutting tools: 
Conceptual Models, Resources for Implementing the WWF standards, 8p. 
Mudambi, A.R., Hassett, J.P., McDowell, W.H. and Scrudato, R.J. 1992 Mirex - Photomirex 
Relationships in Lake Ontario, Journal of Great Lakes Research, 18(3): 405-414 
Muller, E.H. and Prest, V.K. 1985 Glacial Lakes in the Ontario Basin, p.213 - 229, in Karrow, 
P.F. and Calkin, P.E. (eds) Quaternary Evolution of the Great Lakes, Geological Association of 
Canada, Special Paper 30, 258p. 
Murdoch, A. 1983 Distribution of Major Elements and Metals in Sediment Cores from the 
Western Basin of Lake Ontario, Journal of Great Lakes Research, 9(2): 125-133 
Murthy, C.R. 1996 Particle Pathways of Niagara river water in Lake Ontario affecting bottom 
sediment contamination, Hydrobiolgia, 322: 109-116 
Myers, L.B. 1974 The Great Lakes: North America's inland sea, Outdoor world Publishers, 190p. 
National Climate Data and Information Archive (NCDIA) 2008 Environment Canada - Climate 
Normals and Averages: Ontario, Website: 
http://www.climate.weatheroffice.ec.gc.ca/climate_normals/stnselect e.html, Last Accessed: 
January 23,2009 
National Climate Data and Information Archive (NCDIA) 2009 Environment Canada - National 
Climate Data and Information Archive, Website: 
http://www.climate.weatheroffice.ec.gc.ca/Welcome_e.html, Last Accessed: July 4, 2009 
National Environmental Satellite, Data and Information Service (NESDIS) 2009 National 
Oceanic and Atmospheric Administration - National Environmental Satellite, Data and 
Information Service (NESDIS), Great lakes - Lake Ontario bathymetry, Website: 
http://map.ngdc.noaa.gov/website/mgg/greatlakesbathy /viewer.htm?BBOX=-80,43,-
75.44.5&lavers=0010001011. Last Accessed: November 15, 2009 
National Oceanic and Atmospheric Administration (NOAA) 2001 National Geophysical Data 
Center (NGDC) Great Lakes Data Rescue Project - Lake Ontario Bathymetry - Geomorphology, 
Website: http://www.ngdc.noaa.gov/mgg/greatlakes/ontario.html, Last Accessed: February 16, 
2009 
National Oceanic and Atmospheric Administration (NOAA1) 2009 National Weather Service -
Environmental Modeling Center 
Website: http://polar.ncep.noaa.gov/waves/viewer.shtml7-glwn-ontario-. Last Accessed: June 19, 
2009 
National Oceanic and Atmospheric Administration (NOAA2) 2009 National Weather Service -
Great Lakes 
Website: http://www.crh.noaa.gov/greatlakes/?c:=map&l=gl&p=a. Last Accessed: June 19, 2009 
National Oceanic and Atmospheric Administration (NOAA3) 2009 Tides and Current - Center 
for Operational Oceanographic Products and Services - Operational Forecast System - Lake 
Ontario Operational Forecast System, Website: 
http://www.tidesandcurrents.noaa.gov/ofs/loofs/loofs.html. Last Accessed: June 19, 2009 
National Geophysical Data Center (NGDC) 2009 National Geophysical Data Center - NOAA 
Satellite and Information Service, Marine Geology and Geophysics, Bathymetry, Topography and 
Relief- Great Lakes; Bathymetry of Lake Ontario, Website: 
http://www.ngdc.noaa.gov/mgg/greatlakes/ontario.html. Last Accessed: Sept 14, 2009 
367 
Natural Resources Canada (NRC) 2007 Natural Resources Canada - Canadian Forest Service -
Forest Ecosystems of Canada - Classification - Ecological Land Classification - Ecozones -
Mixedwood Plains, Website: 
http://ecosys.cfl.scf.rncan.gc.ca/classification/classif02-eng.asp. Last Accessed: January 28, 2009 
Nelson, S. 2007 EENS 204 - Natural Disasters, Tulane University, Website: 
http://www.tulane.edu/~sanelson/geol204/coastalzones.htm (Last Accessed: April 24, 2007) 
Nesje, A. and Dahl, S.O. 2001 The Greenland 8200 cal. yr BP event detected in loss-on-ignition 
profiles in Norwegian lacustrine sediment sequences, Journal of Quaternary Science, 16(2): 155 — 
166 
Neugebauer, P.J. 1974 Land use history, landscape change and resource conflict in the Sandbanks 
Provincial Park area, Prince Edward County, Ontario, Unpublished MA thesis, University of 
Western Ontario, Department of Geography, 215p. 
Nielsen, P. (1992) Advanced Series on Ocean Engineering - Volume 4, Coastal Bottom 
Boundary Layers and Sediment Transport. London : World Scientific, 340p. 
Noda, E.K. 1971 State of the Art of littoral drift measurements, Shore and Beach, 39(1): 35 - 41 
Noll, K. 1997 The effects of vegetation on sand distribution and accumulation at Presqu'ile 
Provincial Park, Unpublished Honours Thesis, Department of Geography, University of 
Waterloo, 78p. 
Nummedal, D., Sonnenfield, D. and Tayler, K. 1984 Sediment Transport and Morphology at the 
surf zone of Presque Isle, Lake Erie Pennsylvannia, Marine Geology, 60(1-4): 99-122 
Nygaard, E. and Eik, K.J. 2004 Application of STWAVE in Norwegian Coastal Waters, 8th 
International Workshop on Wave Hindcasting and Forecasting, November 14-19, 2004, North 
Shore Oahu, Hawaii, USA, 9p. Website: http://www.waveworkshop.org/. Last Accessed: June 25, 
2009 
Office of Naval Research (ONR) 2007 Office of Naval Research, Science and Technology Focus: 
Ocean in Motion: Waves - Characteristics, Website: 
http://www.onr.naw.mil/Focus/ocean/motion/wavesl.htm (Last Accessed: April 24, 2007) 
Offshore Technology Research Centre (OTRC) 2009 Offshore Technology Research Centre, 
Website: http://otrc.tamu.edu/Pages/about.htm. Last Accessed: June 23, 2009 
Oh, S-H., Suh, K-D., Son, S. and Lee, D. 2009 Performance comparison of spectral wave models 
based on different governing equations including wave breaking, Korean Society of Civil 
Engineers (KSCE), Journal of Civil Engineering, 13(2): 75-84 
O'Hara, N.W. and Ayers, J.C. 1972 Stages of shore ice development, Proceedings 15th 
Conference Great Lakes Research, International Association for Great Lakes Research, 521 - 535 
Okazaki, S. and Sunamura, T. 1991 Re-examination of Breaker-Type Classification on Uniformly 
Inclined Laboratory Beaches, Journal of Coastal Research, 7(2): 559 - 564 
368 
Ontario Archaeological Society (OAS) 2008, Archaeology of Ontario - summary from the 
Discovering Ontario Archaeology - Speakers Kit using original texts written by Jeff Bursey, 
Hugh Daechsel, Andrew Hinshelwood and Carl Murphy, Website: 
http://www.ontarioarchaeologv.on.ca/summary/contents.htm , Last Accessed: January 19, 2009 
Ontario Geological Survey (OGS) 2003 Miscellaneous Release Data: 128 - Surficial Geology of 
Southern Ontario, Project Summary and Technical Document, Ministry of Northern Development 
and Mines, Queen's Printer for Ontario, 53p. 
Ontario Ministry of Municipal Affairs and Housing (OMMHA), 2006 Ontario Ministry of 
Municipal Affairs and Housing - Average Resale House Price for 2006, PPS Regional Market 
Areas, 2p, Website: http://www.mah.gov.on.ca/AssetFactory.aspx?did=1043. Last accessed: 
November 26, 2009 
Ontario Ministry of Natural Resources (OMNR) 2008 Ontario Ministry of Natural Resources -
Biodiversity in Ontario - Learn More - Scope of Biodiversity in Ontario - Explore Ontario's 
Ecological Landscapes - Mixedwood Plains, Website: 
http://www.mnr.gov.on.ca/en/Business/Biodiversitv/2ColumnSubPage/STEL02 166951.html, 
Last Accessed: January 27, 2009 
Ontario Ministry of Natural Resources - Land Information Ontario (OMNR-LIO) 2009 Land 
Information Ontario Data Set, Directory, Peterborough Ontario, Using ArcMap [GIS Software] 
Version 9.3, Shape files used: Bedrock geology, Conservation Authority administration area, 
Fault, National Wildlife Areas, Natural Heritage Areas, NTS Grid 50, Provincial Parks, Surficial 
geology, Quaternary area geology, Water edge, Watersheds - Copyright (c) Queens Printer 2010 
Oregon State University (OSU) 2009 Oregon State University - O.H. Hinsdale Wave Research 
Laboratory, Website: http://wave.oregonstate.edu/Facilities/, Last Accessed: June 23, 2009 
Oretel, G.F. 2005 Coasts, coastlines, shores and shorelines, p.323-327 in Schwartz, M.L. (ed.) 
Encyclopedia of Coastal Science, Springer, Dordrecht, The Netherlands, 121 lp. 
Oretel, G.F. and Overman, K. 2004 Sequence morphodynamics at an emergent barrier island, 
middle Atlantic coast of North America, Geomorphology 58: 67 - 83 
Orviku, K., Bird, E. and Schwartz, M. 1995 The Provenance of Beaches on the Estonian Islands 
of Hiiumaa, Saarema and Muhu, Journal of Coastal Research, 11: 96-106 
Owens, E.H. 1979 The Canadian Great Lakes: coastal environments and the cleanup of oil spills, 
Environmental Protection Service report series, Volume 72 - Environemtnal Impact Control 
Directorate. Economic and technical review report,EPS 3-EC-79-2, 252p. 
OzCoasts 2009 OzCoasts - Australian Online Coastal Information, Conceptual models of 
Australian estuaries and coastal waterways, Website: 
http ://www.ozcoasts.org.au/conceptual_mods/introduction. j sp. Last Accessed: June 21, 2009 
Park, J-Y, and Wells, J.T.2005 Longshore transport at Cape Lookout North Carolina: Shoal 
evolution and the regional sediment budget, Journal of Coastal Research, 23(1): 1-17 
369 
Patsch, K. and Griggs, G. 2006 Littoral cells, sand budgets and beaches: Understanding 
California's shoreline, Institute of marine sciences, University of California, Santa Cruz, 
California Department of Boating and Waterways and California coastal sediment management 
workgroup, 40p. Available online: http://www.dbw.ca.gov/csmw/PDF/LittoralDrift.pdf (Last 
Accessed: June 21, 2009) 
Peat, E. 1973 Reconstruction of the geologic history of the Wellington Baymouth bar (Sandbanks 
Provincial Park) in Prince Edward County through a statistical analysis of sediment size 
distributions, Unpublished BSc thesis, Queen's University, 151p. 
Perlin, A. and Kit. E. 1999 Longshore Sediment Transport on Mediterranean Coast of Israel, 
Journal of Waterway, Port, Coastal and Ocean Engineering, 125(2): 80 - 87 
Perry, M.C. and Heilman, D.J. 2005 Shore Protection and Habitat Creation at Shamrock Island, 
Texas, 16p. Proceedings National Conference on Beach Preservation Technology, February 2-4, 
2005, Hilton San Destin, Destin, Florida Website: 
http://www.fsbpa.com/2005%20Proceedings.htm, Last Accessed: June 25, 2009 
Pethick, J. 1984 An Introduction to Coastal Geomorphology, Oxford University Press, New 
York, 260p. 
Phillips, D. 1990 The Climates of Canada, Environment Canada, Ottawa, 176p. 
Phillips, D.W. and McCulloch, J.A.W. 1972 The Climate of the Great Lakes Basin, 
Climatological Studies - Number 20, Environment Canada - Atmospheric Environment, Toronto, 
Ontario 57p. 
Phillips, O.M. 1957 On the generation of waves by turbulent wind, Journal of Fluid Mechanics, 2: 
417-445 
Phillpot, K.L. Consulting Limited 1988 Wave Climate Data for Ontario's Great Lakes: Lake 
Huron/Georgian Bay, Final Report to the Ontario Ministry of Natural Resources 
Pickett, R.L. 1977 The Observed Winter Circulation of Lake Ontario, Journal of Physical 
Oceanography, 7: 152 - 156 
Pickett, R.L. and Dossett, D.A. 1979 Mirex and the Circulation of Lake Ontario, Journal of 
Physical Oceanography, 9(2) 441 - 445 
Pierce, J.W. 1969 Sediment budget along a barrier island chain, Sedimentary Geology, 3(1): 5-16 
Pierson, W.J., Neuman, G., and James, R.W. 1955 Observing and forecasting ocean by means of 
wave spectra and statistics, H.O. Publication No.603, U.S. Navy Hydrographical Office, 
Washington D.C. 
Pilkey, O. H. and J. A. G. Cooper 2002 Longshore Transport Volumes: A Critical View, Journal 
of Coastal Research 36: 572-580. 
Poulosi, S.E. and Chronis, G.T. 2001 Coastline changes in relation to longshore sediment 
transport and human impact, along the shoreline of Kato Achaia (NW Peloponnese, Greece), 
Mediterranean Marine Science, 2/1: 5 - 13 
370 
Prakash, T.N., Black, K.P., Mathew, J., Kurian, N.P., Thomas, K.V., Hameed, T.S.S., Vinod, 
M.V. and Rajith, K. 2007 Nearshore and beach sedimentary dynamics in a placer dominated 
coast, SW India, Journal of Coastal Research, 23(6): 1391 - 1398 
Prince Edward Historical Society (PEHS) 1976 Historic Prince Edward, Prince Edward Historical 
Society, Picton, Ontario, 28p. 
Prince Edward County (PEC) 2009 Corporation of Prince Edward County, County Overview -
Quick Facts, Website: http://www.pecounty.on.ca/county overview/index.php. Last Accessed: 
March 2, 2009 
Puotinen, M.L. 2005 In Zerger, A. and Argent, R.M. (eds) MODSIM 2005 International Congress 
on Modelling and Simulation. Modelling and Simulation Society of Australia and New Zealand, 
December 2005, p. 1437 - 1443, Available online: 
http://www.mssanz.org.au/modsim05/papers/puotinen.pdf, Last Accessed: August 15, 2009 
Quinn, F. 2002 Secular Changes in Great Lakes Water Level Seasonal Cycles, Journal of Great 
Lakes Research, 28(3): 451 - 465 
Rakha, K.A. and Abul-Azm, A.G. 2000 Nearshore wave modeling for a beach with Coral Reefs 
along the Red Sea, Proceedings 9th International Coral Reef Symposium, Bali, Indonesia, 23 - 27 
October, 2000, 3p.Website: http://www.coremap.or.id/downloads/ICRS9th-Rakha.pdf, Last 
Accessed: June 25, 2009 
Rao, Y.R. and Murthy, C.R. 2001 Coastal Boundary Layer Characteristics during summer 
stratification in Lake Ontario, Journal of Physical Oceanography, 31: 1088 - 1104 
Ratigan, W. 1977 Great Lakes Shipwrecks and Survivals, Grand Rapids, Michigan: William B. 
Eerdmans Publishing, 384p. 
Ratti, C. and Barton, D.R. 2003 Decline in the Diversity of Benthic Invertebrates in the Wave-
zone of Eastern Lake Erie, 1974-2001, Journal of Great Lakes Research, 9(4): 608-615 
Ravens, T.M. and Sitanggang, K.I. 2007 Numerical Modeling and analysis of shoreline change 
on Galveston Island, Journal of Coastal Research, 23(3): 699 - 710 
Redner, D.K. 1976 It Happened in Prince Edward County, Mika Publishing Company, Belleville, 
Ontario. 126p. 
Reed, D. 2002 Overview: Using Geomorphology at the Coast in Allison, R.J (ed.) Applied 
Geomorphology: Theory and Practice, John Wiley and Sons Ltd, 492p. 
Reinders, F.J. and Asscociates 1988 Littoral Cell definition and Sediment Budget for Ontario's 
Great Lakes, Final Report to the Ministry of Natural Resources Conservation Authorities and 
Water Management Branch, Toronto Ontario, 116p. 
Reinhard, R.D., Driver, D.B. and Hubertz, J.M. 1991 Hindcast Wave Information for the Great 
Lakes: Lake Ontario, Wave Information Studies of US Coastlines, WIS Report 25, Coastal 
Engineering Research Center, Department of the Army, Vicksburg, Mississippi, 31p. 
371 
Renaud, C, Ens, C , Talbot, T. And Gifford, S. 2005 Premier Ranked Tourist Destination Report 
for Prince Edward County prepared for the Corporation of the County of Prince Edward, Sept 14, 
2005, Brain Trust Marketing and Communications, 24p. 
Resio, D.T. 1981 The estimation of wind wave generation in a discrete spectral model, Journal of 
Physical Oceanography, 11:510- 525 
Resio, D.T. and Vincent, C.L. 1976 Estimation of winds over the Great Lakes, Technical report 
H-76-12, US Army Engineer Waterways experiment station, Vicksburg, MS. 
Resio, D.T. and C.L. Vincent, 1977 Estimation of Winds over the Great Lakes, American Society 
of Civil Engineering Waterway Port, and Coast. Ocean Div. J. 102, 265-283. 
Richards, N.R. and Morwick, F.F. 1948 Soil Survey of Prince Edward County, Report No. 10 of 
the Ontario Soil Survey, Experimental Farms Service, Dominion Department of Agriculture and 
the Ontario Agricultural College, Guelph, Ontario, 86p. 
Richardson, A.H. 1940 Field day to the Sand Banks, August 30, 1940, Zone 5 - Ontario, 
Conservation and Reforestation Association, lOp. 
Roberts, John 2006 First Nations, Inuit, and Metis People: Exploring their Past, Present and 
Future, Emond Montgomery Publications Limited, Toronto, Canada, 325p. 
Rogers, W.E., Hwang, P.A. and Wang, D.W. 2003 Investigation of Wave Growth and decay in 
the SWAN model - three dimensional scale application, Journal of Physical Oceanography, 33: 
366-389 
Rogers, A. and Ravens, T. 2008 Measurement of Longshore sediment transport rates in the surf 
zone on Galveston Island, Journal of Coastal Research, 24(sp2): 62 - 73 
Rosa, F. 1985 Sedimentation and Sediment Resuspension in Lake Ontario, Journal of Great Lakes 
Research, 11(1): 13-25 
Roy, P.S., Cowell, P.J., Ferland, M.A. and Thorn, B.G. 1994 Wave Dominated Coasts in Carter, 
W.G. and Woodroffe, CD. Coastal Evolution: Late Quaternary shoreline morphodynamics, 
Cambridge University Press, New York, 539p. 
Ruggerio, P., Cote, J., Kaminsky, G. and Gelfenbaum, G. 1999 Scales of Varability along the 
Columbia River Littoral Cell, Proceedings of the 4th International Conference on Coastal 
Engineering and Coastal Sediment Processes, American Society of Civil Engineers June 20-24 
1999, Long Island, NY, 16p. 
Ruggiero, P., Kaminsky, G.M., Gelfenbaum, G., and Voigt, B. 2005 Seasonal to Interannual 
morphodynamics along a high energy dissipative littoral cell, Journal of Coastal Research, 21(3): 
553 - 578 
Rukavina, N.A. 1969 Nearshore sediment supply of Western Lake Ontario, Methods and 
Preliminary Results, 317 - 324 in International Association Great Lakes Research, Proceedings 
12th Conference on Great Lakes Research, University of Michigan, Ann Arbour Michigan, May 
5 - 7, 923p. 
372 
Rukavina, N.A. 1970 Lake Ontario Nearshore Sediments, Whitby to Wellington, Ontario, 266 -
273 in International Association Great Lakes Research, Proceedings 13th Conference on Great 
Lakes Research, State University College, Buffalo, New York, April 1-3, 1063p. 
Rukavina, N.A 1976 Nearshore Sediments of Lakes Ontario and Erie, Geoscience Canada, 3(3): 
185-190 
Rukavina, N.A. 1999 Bottem Sediment Type and Bathymetry of Eastern Lake Ontario from 
Acoustic Surveys, National Water Research Institute (NWRI) Aquatic Ecosystem Restoration 
Branch, NWRI Contribution No. 99-235, 27p. 
Rukavina, N. and Boyce, F.M. 2009 Lake Ontario in The Canadian Encyclopedia, Historica 
Foundation, Website: 
http://www.thecanadianencvclopedia.com/index.cfm?PgNm=TCE&Params=AlARTA0005937, 
Last accessed: February 5, 2009 
Rutty, A.L. and Cruden, A.R. 1993 Pop-Up Structures and the Fracture Pattern in the Balsam 
Lake Area, Southern Ontario, Geographie physique et Quaternaire, 47(3): 379-388 
Ruuskanen, A., Back, S. and Reitalu, T. 1999 A comparison of two cartographic exposure 
methods using Fucus vesiculosus as an indicator, Marine Biology, 134: 139 - 145 
Ruuskanen, A.T. and Napppu, N.P. 2005 Morphological differences in Fucus gardneri between 
two shores with equal cartographic exposure values but different levels of wave action, Annales 
Botanici Fennici, 42: 27 - 33 
Sanderson, M. 2004 Weather and Climate in Southern Ontario with a chapter on weather disasters 
by D. Phillips, University of Waterloo, Department of Geography Publication Series #58, 126p. 
Sandwell Swan Wooster, Inc 1988 Wave hindcast Database for Lake Erie and St. Clair, Final 
Report to the Ontario Ministry of Natural Resources 
Sanford, B. V. 1961 Subsurface Stratigraphy of Ordovician rocks in SW Ontario - 30, 31, 40, 41 
(parts of) (Report, table, and 14 figures), Geological Survey of Canada, Department of Mines and 
Technical Surveys, Paper 60-26, Ottawa, Canada, 54p. 
Sanford, B.V. 1993 Stratigraphic and Structural Framework of Upper Middle Ordovician Rocks 
in the Head Lake- Burleigh Falls Area of South-Central Ontario Geographie physique et 
Quaternaire, 47(3): 253-268 
Santisteban, J., Mediavilla, R.,L6pez-Pamo, E. Dabrio, C.J., Zapata, M.B.R., Garcia, M.J.G., 
Castano, S. and Martinez-Alfaro, P.E. 2004 Loss on ignition: a qualitative or quantitative method 
for organic matter and carbonate mineral content in sediments?, Journal of Paleolimnology, 32: 
287-299 
Saulesleja, A. 1986 Great Lakes Climatological Atlas, Environment Canada, Minister of Supply 
and Services, 145p. 
Schwab, D.J. Eadie, B.J., Assel, R.A. and Roebber, P.J. 2006 Climatology of Large Sediment 
Resuspension Events in Southern Lake Michigan, Journal of Great Lakes Research, 32(1): 50-62 
Schaetzl, R.J. and Isard, S.A. 2002 The Great Lakes Region in Orme, A.R. ed., The Physical 
Geography of North America, Oxford University Press, Toronto, 576p. 
Schertzer, W.M., Saylor, J.H., Boyce, F.M., Robertson, D.G., and Rosa, F. 1987 Seasonal thermal 
cycle of Lake Erie, Journal of Great Lakes Research, 13(4):468-486 
Schoones, J.S. 2000 Annual variation in the net longshore sediment transport rate, Coastal 
Engineering 40: 141-160 
Schwartz, M. L. and Anderson, B.D. 1986 Coastal Geomorphology of Padre Island, Mexico 
Shore and Beach 54: 22-29. 
Schwartz, M. L., Mahala, J. Bronson, H. 1985 Net Shore Drift along the Pacific Coast of 
Washington State, Shore and Beach 53(3): 21-25. 
Scott, D., Schwab, D., Zuzek, P. and Padala, C. 2003 Hindcasting wave conditions on the North 
American Great lakes, 8th International Workshop on Wave Hindcasting and Forecasting, North 
Shore Oahu, Hawaii, November 14-19, 2004 
Scrudato, R.J. and Delprete, A. 1982 Lake Ontario Sediment - Mirex Relationships, Journal of 
Great Lakes Research, 8(4): 695-699 
Seabrook Hydrotech & Associates 2000 Sandbanks Provincial Park Beach and Dune Monitoring 
Program: Monitoring and Interpretation Techniques and Schedules Ontario Parks, Unpublished 
report, 16p. 
Sekiguchi, T. and Sunamura, T. 2005 Threshold for Ripple Formation on Artificially Roughened 
Beds: Wave-Flume Experiments, Journal of Coastal Research, 21(2): 323 -330 
Sella, G.F., Stein, S., Dixon, T.H., Craymer, M., and James, T.S. 2007 Observations of glacial 
isostatic adjustment in 'stable' North America with GPS, Geophysical Research Letters, 34: 1 - 6 
Shaw, J. and Gorrell, G. 1991 Subglacially formed dunes with bimodal and graded gravel in the 
Trenton Drumlin Field, Ontario, Geographie physique et Quaternaire, 45(1): 21 - 34 
Shen, H., Tsanis, I.K. and D'Andrea, M. 1995 A Three Dimensional Nested 
Hydrodynamic/Pollutant Transport Simulation model for the Nearshore Areas of Lake Ontario, 
Journal of Great Lakes Research, 21(2): 161 - 177 
Sherman, D.J. and Bauer, B.O. 1984 Coastal Geomorphology through the looking glass, 
Geomorphology, 7:225 - 249 
Sherman, D.J. and Gares, P. A. 2002 Editorial - The Geomorphology of coastal environments, 
Geomorphology 48, 1-6 
Shookner, M. 1998 The quality of life in Ontario, Fall 1998, Ontario Social Development Council 
and Social Planning Network of Ontario, 27p. 
Short, A.D. 1985 Rip current type, spacing and persistence, Narrabeen Beach, Australia, Marine 
Geology, 65:47-71 
374 
Silva, A., Taborda, R., Rodrigues, A., Duarte, J. and Cascalho, J. 2007 Longshore drift estimation 
using fluorescent tracers: New insights from an experiment at Comporta Beach, Portugal, Marine 
Geology, 240(1-4): 137-150 
Simons, T.J. 1984 Topographic Response of Nearshore currents to wind - An Empirical model, 
Journal of Physical Oceanography, 14: 1393 - 1398 
Simons, T.J. 1985 Reliability of Circulation Models, Journal of Physical Oceanography, 15: 1191 
- 1204 
Simons, T.J., Murthy, C.R. and Campbell, J.E. 1985 Winter Circulation in Lake Ontario, Journal 
of Great Lakes Research, 11(4): 423 - 433 
Simons, T.J. and Schertzer, W.M 1987 Stratification, currents and upwelling in Lake Ontario, 
Summer 1982.Canadian Journal of Fisheries andAquatic Science, 44(12): 2047-2058. 
Sjodahl, M. and Kalantari, Z. 2005 Nearshore Hydrodynamics at Hai Hau Beach Vietnam: Field 
Measurements and Wave modeling, MA Thesis, Water Resources Engineering, Lund University 
Sweden, 83p. 
Slaats, M.J.N. 1989 Seasonal Variation in Beach Profile and Morphology at Sandbanks 
Provincial Park, Unpublished Honours Thesis Department of Geography, University of Waterloo, 
HOp. 
Slaats, M.J. and Kreutzwiser, R.D. 1993 Shoreline Development Regulations: Do they work?, 
Journal of Soil and Water Conservation, 48(3): 158-165 
Sleath, A., Cialone, M.A., Lansen, J.A., Wamsley, T.V., Smith, J.M. and van Ledden, M. 2008 
The influence of barrier islands on hurricane generated storm surge and wave energy in Louisiana 
and Mississippi (Abstract), 31st International Conference on Coastal Engineering (ICCE), 
Website: http://icce2008.hamburg.baw.de/. Last Accessed: September 30, 2009 
Sly, P.G. 1978 Sedimentary Processes in Lakes, 65 - 89, in Lerman, A. (ed) Lakes, Chemistry, 
Geology, Physics, New York: Springer-Verlag, 363p. 
Sly, P.G. and Prior, J.W. 1984 Late Glacial and postglacial geology in the Lake Ontario basin, 
Canadian Journal of Earth Sciences, 21: 802 - 821 
Smith, A. W. S. 1988 Gold Coast Beach Replenishment Program - Seawalls as littoral drift 
deflectors, Shore and Beach 56: 3-7 
Smith, I.R. and Sinclair, I.J. 1972 Deep water waves in lakes, Freshwater Biology, 2: 387 - 399 
Smith, J., Lavender, B., Auld, H., Broadhurst, D. and Bullock, T. 1998 Canada Country Study: 
Climate Impacts and Adaptation Volume 4 - Adapting to Climate Variability and Change in 
Ontario, Environment Canada, 117p. 
Smith, E.R., Ebersole, B.A. and Wang, P. 2002 Dependence of total longshore sediment transport 
rates on incident wave parameters and breaker type, ERDC/CHL Coastal Hydraulic Engineering 
Technical Note - IV - 62, 12p. 
375 
Smith, J.A. and Largier, J.L. 1995 Observations of nearshore circulation: rip currents, Journal of 
Geophysical Research, 100: 10967- 10975 
Smith, J.M., Resio, D.T., and Zundel, A.K. 1999 STWAVE: Steady-State Spectral Wave Model, 
Report 1 - User's Manual for STWAVE Version 2.0, US Army Corps of Engineers, Coastal 
Inlets Research Program, Instruction Report CHL-99-1, 60p. 
Smith, J.M.and Gravens, M.B. 2002 Incident boundary conditions for wave transformation. 
Proceedings, 7th International Workshop on Wave Hindcasting and Forecasting, Environment 
Canada, 373-384 
Smith, J.M. and Smith, S.J. 2002 Grid Nesting with STWAVE, Coastal Engineering Technical 
Note, US Army Corps of Engineers (USACE) - ERDC/CHL, CETN-I -66, June 2002, lOp. 
Smith, J. M. 2000 Benchmark Tests of STWAVE, p.369-379 in Proceedings, 6th International 
Workshop on Wave Hindcasting and Forecasting, November 6 - 1 0 , 2000 Monterey, California, 
USA, Published by Environment Canada, 490p., Website: http://www.waveworkshop.org/. Last 
Accessed: June 25, 2009 
Smith, J.M. 2001 Modeling Nearshore Wave Transformation with STWAVE, Coastal 
Engineering Technical Note, US Army Corps of Engineers (USACE), ERDC/CHL CHETN-I-64, 
September 2001, lOp. 
Smith, J. M. 2005 Coastal and Hydraulics Laboratory: Transformation Scale Waves - Fact Sheet 
(050408), lp. 
Website: http://chl.erdc.usace.army.mi1/Media/7/l/2/050408 JSmith T-scale Waves.pdf. Last 
Accessed: June 24, 2009 
Smith, L. 1978 Baymouth Bars and related dune fields, Prince Edward County, Northern Lake 
Ontario, p.77 - 80 in Rukavina, N.A. (ed.) Proceedings 2nd Workshop on Great Lakes Coastal 
Erosion and Sedimentation, National Research Council, Ottawa 
Snowball, I. and Sandgren, P. 1996 Lake Sediment studies of Holocene glacial activity in the 
Karsa Valley, northern Sweden: Contrasts in interpretation, The Holocene, 6(3): 367 - 372 
Soares, C.G., Carretero, J.C., Weisse, R. and Alverez, E. 2002 A 40 Years Hindcast of wind, sea 
level and waves in European Waters, Proceedings of OMAE 2002, 21st International Conference 
on Offshore Mechanics and Arctic Engineering, 23-28 June 2002, Oslo, Norway, 7p. 
Southwest Washington Coastal Erosion Study (SWCES) 2003 Southwest Washington Coastal 
Erosion Study, United States Geological Survey and Washington Department of Ecology -
Coastal Monitoring and Analysis Program, Website: 
http://www.ecy.wa.gov/programs/sea/swces/index.htm. Last Accessed: June 15, 2009 
Spencer, J.W. 1889 The Iroquois Beach - a chapter in the geological history of Ontario, 
Proceedings and Transactions of the Royal Society Canada, 7: 121-134 
State of the lakes ecosystem conference (SOLEC) 2008 Draft Background Paper - Nearshore 
Areas of the Great Lakes 2008 
Website:http://www.solecregistration.ca/documents/nearshore/Near%20Shore%20Complete%20 
Paper.pdf. Last Accessed: June 13, 2009 
376 
Stapor, F.W. 1971 Sediment Budgets on a compartmentalized low to moderate energy coast in 
northwest Florida, Marine Geology, 10(2): Ml- M7 
Stapor, F.W. and May, J.P. 1983 The cellular nature of littoral drift along the northeast Florida 
coast, Marine Geology 51: 217 - 237 
Statistics Canada (StatsCan), 2006 Statistics Canada - 1996 Census - Profile of Census Divisions 
and Subdivisions, 1996 Census 
Website: 
http://wwwl2.statcan.ca/english/census96/data/profiles/DataTable.cfm?YEAR=1996&LANG=E 
&PID=35782&S=A&GID=201928. Last Accessed: November 26, 2009 
Statistics Canada (StatsCan), 2009 Statistics Canada - 2006 Census, Prince Edward, Ontario 
(Census Division) All Data, Website: http://wwwl2.statcan.ca/census-recensement/2006/dp-
pd/prof/92-
591 /details/Page.cfm?Lang=E&Geo 1 =CD&Code 1 =3513&Geo2=PR&Code2=35&Data=Count& 
SearchText=Prince%20Edward&SearchTvpe=Begins&SearchPR=01 &B 1 =All&Custom= , Last 
Accessed: November 26, 2009 
Stauble, D.K., and Morang, A. 1992 Using morphology to determine net littoral drift 
directions in complex coastal systems," Coastal Engineering Technical Note H-30, U.S. Army 
Engineer Waterways Experiment Station, Coastal Engineering Research Center, Vicksburg, MS. 
8p. 
Stephenson, W.J. and Brander, R.W. 2003 Coastal Geomorphology into the twenty first century, 
Progress in Physical Geography, 27(4): 607 - 623 
Stewart, C.J. 2002 A Revised Geomorphic, Shore Protection and Nearshore Classification of the 
Canadian and United States Shorelines of Lake Ontario and the St. Lawrence River, Coastal Task 
Working Group, International Joint Committee, Lake Ontario - St.Lawrence River Regulation 
Study, Christian J. Stewart Consulting, 25p. 
St. Jacques, D. A. and Rukavina, N. A. 1972 Lake Ontario Nearshore Sediments, Wellington to 
Main Duck Island, Ontario, p. 3 94 - 400 in International Association Great Lakes Research, 
Proceedings 15th Conference on Great Lakes Research, University of Wisconsin-Madison, 
Madison Wisconsin, April 5 -7 , 766p. 
Stevens, D.G. and Topps, K.H. 1966 A study of the Sandbanks, Prince Edward County - A field 
problem in Geomorphology, Unpublished Undergraduate Essay, Queen's University, Department 
of Geography, 65p. 
Stocks, B.J., Fosberg, M.A., Lynham, T.J., Mearn, L., Wotton, B.M. Yang, Q., Jin, J-Z, 
Lawrence, K., Hartley, G.R., Mason, J.A. and McKenney, D.W. 1998 Climate change and Forest 
Fire potential in Russian and Canadian Boreal Forests, Climate Change, 38: 1-13 
Stone, G. W., Stapor, F. W., May, J.P and Morgan, J.P. 1992 Multiple sediment sources and a 
cellular, non-integrated longshore drift system: NW Florida and SE Alabama coast, USA, Marine 
Geology 105: 141 - 154. 
377 
Stone, G.W., Grymes, J.M. Dingier, J.R. and Pepper, D.A. 1997 Overview and Significance of 
Hurricanes on the Louisiana Coast, USA, Journal of Coastal Research, 13(3): 656 - 669 
Stone, G.W. and McBride, R.A. 1998 Louisiana Barrier Islands and their importance in Wetland 
Protection: Forecasting shoreline change and Subsequent response of wave climate, Journal of 
Coastal Research, 14(3): 900 - 915 
Stone, G.W., Pepper, D.A. , Xu, J. and Zhang, X. 2004 Ship Shoal as a prospective borrow site 
for barrier island restoration, Coastal South Central Louisiana USA: Numerical wave modeling 
and field measurements of hydrodynamic and sediment transport, Journal of Coastal Research, 
20(1): 7 0 - 8 8 
Strand, J.A. and Weisner, S.E.B. 1996 Wave exposure related growth of epiphyton: implications 
for the distribution of submerged macrophytes in eutrophic lakes, Hydrobiologia, 325: 113-119 
Suesakul, S. Chitaladakorn, S., and Potapapirom, T. 2009 Application of wave hindcasting 
display for Pakpanang coastline, 6th Regional Symposium on Infrastructure Development, 
January 12 - 13, 2009 Rama Garden Hotel, Bangkok, Thailand, Faculty of Engineering, Kasetsart 
University, l ip . 
Sunamura, T 1976 Feedback Relationship in Wave Erosion of Laboratory Rocky Coast, Journal 
of Geology, 84(4): 427 - 43 7 
Surface Water Modeling System (SMS) 2009 Surface Water Modeling System Homepage 
Veritech Inc., Website: 
http://www.veritechinc.net/products/sms adcirc/sms.php#Overview, Last Accessed: June 25, 
2009 
Sutherland, T.F., Lane, P.M. Amos, C.L. and Downing, J. 2000 The calibration of optical 
backscatter sensors for suspended sediment of varying darkness levels, Marine Geology, 162(2-
4): 587-597 
Sutton, R.G., Lewis, T.L., and Woodrow, D.L. 1970 Nearshore Sediments in Southern Lake 
Ontario, Their dispersal patterns and Economic Potential p.308 - 318 in International Association 
Great Lakes Research, Proceedings 13th Conference on Great Lakes Research, State University 
College, Buffalo, New York, April 1-3, 1063p. 
Sutton, R.G., Lewis, T.L and Woodrow, D.L. 1972 Post Iroquois Lake Stages and Shoreline 
sedimentation in the Eastern Ontario Basin, Journal of geology, 80: 346 - 356 
Sutton, R.G., Lewis, T.L., and Woodrow, D.L. 1974 Sand Dispersal in Eastern and Southern 
Lake Ontario, Journal of Sedimentary Petrology, 44(3): 705 - 715 
Sverdrup, H.U. and Munk, W.H. 1947 Wind, sea and swell - theory of relations for forecasting 
H.O. Pub No. 601, U.S. Navy Hydrographic Office, Washington, D.C. 
SWAN 2009 Simulating Waves in the Nearshore SWAN Homepage, Website: 
http://vlm089.citg.tudelft.nl/swan/index.htm. Last Accessed: June 25, 2009 
Swartz, M.L. 1971 The multiple causality of barrier islands, Journal of Geology, 79: 91-94 
378 
Swenson, M.J., Wu, C.H. Edil, T.B. and Mickelson, D.M. 2006 Bluff Recession Rates and Wave 
Impact Along the Wisconsin Coast of Lake Superior, Journal of Great Lakes Research, 32(3): 
512-530 
Tarbuck, E.J. and Lutgens, F.K. 1992 The Earth: An Introduction to Physical Geology 4th ed., 
Maxwell MacMillan Canada, Toronto, 654p. 
Teller, J.T. 1987 Proglacial Lakes and the Southern Margin of the Laurentide Ice Sheet, 39 -69, in 
Ruddiman, W.F. and Wright, H.E. (eds) North America and Adjacent oceans During the Last 
Deglaciation, The Geology of North America, Volume K-3, The Geological Society of America, 
Boulder Colorado, 501p. 
Terasmae, J. and Dreimanis, A. 1976 Quaternary Stratigraphy of Southern Ontario, 51 - 63 in 
Mahaney, W.C. (ed) Quaternary Stratigraphy of North America, Halstead Press: John Wiley and 
Sons, New York, 512p. 
Tessler, M. G. and de Mahiques, M. M. 1993 Utilization of Coastal Gemorphic Features as 
Indicators of Longshore Transport: Examples of the Southern Coastal Region of the State of Sao 
Paulo, Brasil, Journal of Coastal Research 9(3): 823-830 
Theakston, S. 1991 Sandbanks Provincial Park Preliminary Beach Management Strategy (East 
Lake Sector), Unpublished Honours Environment and Resource Studies/Geography degree, 18p. 
Thomas, M.L.H. 1986 A physically derived exposure index for marine shorelines, Ophelia, 25(1): 
1-13 
Thomas, M.L.H. 1985 Littoral community structure and zonation on the rocky shore of Bermuda, 
Bulletin of Marine Science, 37(3): 857 - 870 
Thomas, R.L., Kemp, A.L.W. and Lewis, C.F.M 1972 Distribution, Composition and 
characteristics of the surficial sediments of Lake Ontario, Journal of Sedimentary Petrology 
42(1): 66 - 84 
Thomas, R.L., Kemp, A.L.W., and Lewis, C.F.M. 1972b Report on the Surficial Sediment 
Distribution of the Great Lakes, Part 1 - Lake Ontario, Geological Survey of Canada Paper 72-17, 
Scientific Series No. 10, 52p. 
Thomas, R.L., Wallach, J.L, McMillan, R.K., Bowlby, J.R., Frape, S., Keyes, D. and Mohajer, 
A. A., 1993 Recent deformation in the bottom sediments of western and southeastern Lake 
Ontario and its association with major structures and seismicity in J.L. Wallach and J.A. 
Heginbottom, eds., Neotectonics of the Great Lakes Area. Geographie physique et Quaternaire, 
47(3): 325 - 335 
Thorton, L.E. and Stephenson, W.J. 2006 Rock Strength: A control of shore platform elevation, 
Journal of Coastal Research, 22(1): 224 - 231 
Tolvanen, H. and Suominen, T. 2005 Quantification of openness and wave activity in archipelago 
environments, Estuarine, Coastal and Shelf Science, 64: 436 - 446 
Tonk, A. and Masselink, G. 2005 Evaluation of Longshore transport equations with OBS 
Sensors, Streamer traps and fluorescent tracer, Journal of Coastal Research, 21(5): 915-931 
379 
Trenhaile, A.S. 1990 Geomorphology of Canada: An Introduction, Oxford University Press, 
Toronto, 240p. 
Trenhaile, A.S. 1998 Geomorphology: A Canadian Perspective, Toronto, Oxford University 
Press, 340p. 
Tucker, G. 2004 Models, p.686 - 691 in Goudie, A. Encyclopedia of Geomorphology, Volume 1, 
Routledge - Taylor Francis Group, New York, 1156p. 
United States Army Corps of Engineers - Detroit District (USACEDD) 2005 United States Army 
Corps of Engineers - Detroit District: Great Lakes Water Levels, Website: 
http: //www. Ire .usace. army .mi 1/greatlakes/hh/greatlakes waterlevel s/. Last Accessed: July 4, 2009 
United States Army Corps of Engineers - Detroit District (USACEDD) 2005 United States Army 
Corps of Engineers - Detroit District: Great Lakes Water Levels, Website: 
http://www.lre.usace.army.mil/greatlakes/hh/greatlakeswaterlevels/. Last Accessed: July 4, 2009 
van Hove Holdrinet, M. Frank, R., Thomas, R.L. and Hetling, L.J. 1978 Mirex in the sediments 
of Lake Ontario, Journal of Great Lakes Research, 4(1): 69-74 
van Rijn, L.C. 1989 Handbook on Sediment Transport by Currents and Waves, Delft Hydraulics, 
Report H461. 
Van Rijn, L.C. 1997 Sediment Transport and budget of the central coastal zone of Holland, 
Coastal Engineering, 32(1): 6 1 - 9 0 
Vallejo, L.E. and Degroot, R. 1988 Bluff response to wave action, Engineering Geology, 26(1): 
1-16 
von Koningsveld, M., Davidson, M.A., and Huntley, D.A. 2005 Matching Science with Coastal 
Management needs - the search for appropriate coastal state indicators, Journal of Coastal 
Research, 21(3): 399-411 
Voigt, B., Ruggiero, P. and Kaminsky, G. 2000 Towards the Development of a decision support 
system for the Columbia River Littoral cell, Coastal Society 17th Conference Coasts at the 
Millennium 9-12 July 2000, Portland, Oregon, 6p 
Wadhams, P., Squire, V.A., Ewing, J.A., and Pascal, R.W. 1986 The Effect of the Marginal Ice 
Zone on the Directional Wave Spectrum of the Ocean, Journal of Physical Oceanography, 16: 
358-376 
Wadhams, P., Squire, V.A. Goodman, D.J., Cowan, A.M., and Moore, S.C. 1988 The Attenuation 
Rates of ocean waves in the Marginal Ice Zone, Journal of Geophysical Research, 93(6): 6799 -
6818 
Wallace, R. S. 1988 Quantification of Net shore drift rates in Puget Sound and the Strait of Juan 
de Fuca, Washington, Journal of Coastal Research 4(3): 395 - 403. 
Wallach, J.L. 2002 The presence, characteristics and earthquake implications of the St. Lawrence 
fault zone within and near Lake Ontario (Canada-USA) Tectonophysics 353: 45- 74 
Walton, T.E. 1980 Littoral sand transport from longshore currents - Technical Note. Journal of 
Waterways, Port, Coastal and Ocean Division (ASCE), 106(WW4): 483 - 487 
Wamsley, T.V., Cialone, M.A., Smith, J.M., Ebersole, B.A. and Grzegorzewski, A.S. 2009 
Influence of landscape restoration and degradation on storm surge and waves in Southern 
Louisiana, Natural Hazards, 51: 207 _- 224 
Wang, P., Kraus, N.C. and Davis Jr., R.A. 1998 Total longshore sediment transport rate in the 
surf zone: measurements and empirical predictions, Journal of Coastal Research, 14(1): 269 - 282 
Wang, P. Smith, E.R. and Ebersole, B.A. 2002 Large-Scale Laboratory Measurements of 
Longshore Sediment Transport under Spilling and Plunging Breakers. Journal of Coastal 
Research, 18(1): 118-135 
Wang, P., Ebersole, B.A., and Smith, E.R. 2002 Longshore Sand Transport - Initial Results from 
Large Scale Sediment Transport Facility, ERDC/CHL Coastal Hydraulic Engineering Technical 
Note - IV - 646, lOp. 
Wave Information Studies - Pacific (WIS) 2009 Coastal Hydraulics Laboratory - Wave 
Information Studies - Hindcast Data for U.S. Coasts, Website: 
http://www.frf.usace.army.mil/cgi-bin/wis/pac/pac main.html. Last Accessed: June 19, 2009 
Wave Information Studies - Atlantic (WIS) 2009b Coastal Hydraulics Laboratory - Wave 
Information Studies - Hindcast Data for U.S. Coasts, Website: 
http://www.frf.usace.army.mil/cgi-bin/wis/atl/atl main.html. Last Accessed: June 19, 2009 
Weatherbee, E.E. 2006 Guide to Great Lakes Coastal Plants, Ann Arbor: University of Michigan 
Press, 180p. 
Weisner, S.E.B. 1987 The relation between wave exposure and distribution of emergent 
vegetation in a eutrophic lake, Freshwater Biology, 18: 537 - 544 
Weisse, R. and Gayer, G. 2000 An approach Towards a 40 year high resolution wave hindcast for 
the Southern North Sea, 6* International Workshop on Wave Hindcasting and Forecasting 
November 6-10, 2000, Monterey, California. 6p. 
Wermberg, T. and Thomsen, M.S. 2005 The effect of wave exposure on the morphology of 
Ecklonia radiata, Aquatic Botany, 83: 61 - 70 
Wantania Environmental Services (WES) 2006 Shoreline impact assessment for deepening the 
Damietta port navigation channel, Egypt, Submitted to KGL Port International, Appendix - 53p. 
White, T.E. 1998 Status of measurement techniques for coastal sediment transport, Coastal 
Engineering, 35: 17-45 
Williams, G.D. Thorn, R.M., Miller, M.C., Woodruff, D.L. Evans, N.R. and Best, P.N. 2003 
Bainbridge Island Nearshore Assessment: Summary of Best Available Science, PNWD-3233. 
Prepared for the City of Bainbridge Island, Bainbridge Island, WA, by Battelle Marine Sciences 
Laboratory, Sequim, WA., 123p. Available online: http://www.ci.bainbridge-
isl.wa.us/nearshore assessment bas.aspx. Last accessed: June 21, 2009 
381 
Williamson, P. and Roberts, S. 2004 First Nations Peoples, 2n ed., Emond Montgomery 
Publications Limited, Toronto, Canada, 228p. 
Winder, C.G. 1966 Conodonts from the Upper Cobourg Formation (Late middle Ordovician) at 
Colborne, Ontario, Journal of Paleontology, 40(1) 46 - 63 
Wood, W. (Committee Chair) 1990 Managing Coastal Erosion - Committee on Coastal Erosion 
Zone Management, Water Science and Technology Board, Marine Board, Commission on 
Engineering and Technical Systems, National Research Council 
National Academy Press, Washington D.C. 204p. Website: 
http://www.nap.edu/catalog.php7record id=T446#toc, Last Accessed: June 21, 2009 
Woodroffe, CD. 2002 Coasts: Form, process and evolution, Cambridge University Press, New 
York, 632p. 
Wotton, B.M., Martell, D.L. and Logan, K.A. 2003 Climate Change and People Caused Forest 
Fire Occurence in Ontario, Climate change, 60: 275 - 295 
Yamaguchi, M., Hatada, Y. and Nonaka, H. 2004 Intercomparison of wave data hindcast on Lake 
Erie, 8th International Workshop on Wave Hindcasting and Forecasting, November 14 - 19, 2004, 
North Shore, Oahu, Hawaii, 1 lp. 
Young, M. 2002 Great Lakes Coastal Wetlands: Science and Conservation, Downsview, Ontario: 
Environment Canada, 12p. 
Zenkovich, V.P. 1967 Processes of coastal development, New York: Interscience Publishers -
John Wiley and Sons, 73 8p. 
Zheng, J. and Hu, J. 2003 Calculation of Longshore sediment transport in Shijiu bay, 
International Conference on Estuaries and Coasts, Nov 9 -11 , Hangzhou China. 5p. 
382 
